
 

ABSTRACT 

 

MIALY-TIANA, RABE RANJANIVO. The effects of fire frequency and fire intensity 

on AM fungal spore abundance, species variety and percent root colonization at 

Schenck Forest and James Goodwin Forest.  

(Under the direction of Arthur G. Wollum). 

Two greenhouse studies were undertaken: (1) To assess the effects of 

prescribed fire frequency on AM spore abundance, species variety, and AM 

percent root colonization of Sudan grass Sorghum sudanese L., between an 

annually burned site, and a seven-year burned site on a loblolly pine, Pinus taeda 

L. stand, at Schenck Forest, Wake County, NC., (2) To determine the effects of 

two levels of fire intensity of pile burning (343oC- 371oC and >470oC), at two 

depths (0-2cm and 3-6cm), by year and season, on AM fungal spore abundance, 

AM species variety, and AM percent root colonization of Sudan grass Sorghum 

sudanese L. at James Goodwin Forest, Moore County, NC. All soil samples were 

air-dried at room temperature (23oC), stored at 4oC prior to use as inoculum in a 

greenhouse trap culture. At Schenck Forest, repeated fire was found to impact 

AM spore abundance though less affecting the species variety. The seven-year 

burned site had higher number of spores overall. The percent root colonization 

study revealed non-significant effects of repeated fire between the annually 

burned and the seven-year burned sites. The percent AM fungal root colonization 



in spring was always significantly higher than in summer at the annually burned 

site, but always higher in summer than in spring at the seven-year burned site. 

Summer had significantly more spores than spring. At James Goodwin Forest, 

fire disturbance coupled with mild soil surface erosion induced a highly significant 

difference in AM percent colonization between the control and the disturbed sites 

pre-burn and burn. Fire disturbance significantly affected AM root colonization by 

depth compared with unburned. The response of AM root colonization to 

disturbance is very significantly site specific. The effect of fire intensity is 

significantly affected by vertical distribution of the propagules. Species variety at 

both Schenk Forest and James Goodwin Forest non-significantly decreased, 

propagules survived from high intensity fire but spore numbers were significantly 

reduced. 
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CHAPTER I 

GENERAL INTRODUCTION 

The term mycorrhiza, which literally means fungus-root from the Greek 

word “myco” (fungus) and “rhiza” (root) was first described by the German 

forest pathologist A.B. Frank in 1885 (Frank, 1885). Mycorrhiza refers to a 

mutually beneficial association also known as symbiotic (Latin “symbiotismus”), 

association (De Bary, 1877) between a large number of vascular plant roots, and 

certain types of underground filamentous fungi in the Phylum Zygomycota, 

Ascomycota and Basydiomycota. About 80% of presently identified higher plants 

including angiosperms, gymnosperms and pteridophytes form both arbuscules; 

used for nutrient transfer within cortical cells, and vesicles; recognized as site for 

lipid storage within or between cortical cells (Smith and Read, 1997). Vesicles 

and arbuscules are solely comprised within the vesicular arbuscular mycorrhizal 

(VAM) fungi type in the order Glomales, class Zygomycota, and mainly used for 

their identification. Smith et al. (1997) stated that mycorrhizal condition is the 

normal state for most plants under most ecological conditions and indeed, 

mycorrhizae not roots are the chief organs for nutrient uptake by terrestrial 

plants. In a state of physical and physiological equilibrium, the host plant 

supplies more than 10% of its carbonaceous photosynthetic products (Harley, 

1991) to its achlorophyllous fungal partner, and absorbs, in return, additional 

supplies of diffusion restricted immobile nutrients such as P, Cu and Zn from the 

soil environment (Barber, 1995). Mycorrhiza is reported to effectively enhance 
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the plant growth, and plant resistance to root pathogens, drought, heavy metal 

toxicity, adverse soil acidity conditions, high soil temperature of plants grown in 

unfertile soils (Gerdemann, 1968). Mycorrhizae can provide some resistance to 

salinity (Duvert et al., 1990), and alleviate the stress of surface temperature as 

well (Danielson, 1985). The growth of mycorrhizal plants is faster than in non-

infected plants (Graw, 1979). Plant productivity of mycorrhizal plants is however 

dependent upon degrees of AM root colonization. Multiple environmental factors 

such as light, moisture, temperature and acidity determine the plant productivity 

effect of the unique symbiotic relationship between the host plant and the AM 

fungal partner (Graw, 1979).  Mycorrhizal relationships occur naturally in 

undisturbed ecosystems, but the increase in disturbance, such as mining, land 

tilling, flooding, fire is positively correlated with a decrease in AM propagules and 

root colonization (Klopatek, 1988). Fire can cause a radical change in the 

physical, chemical and biological characteristics of the surface soil (Amaranthus, 

1989; Amaranthus and McNabb, 1984; Anderson, 1974). 

Fire regime: fire frequency and fire intensity 

Fire regime is determined by the fire frequency (intervals) and fire 

intensity (temperature) occurring in a natural environment.  According to Ulery 

and Graham (1993), fire intensity can be categorized into three classes. A low 

intensity fire, also known as surface fire (broadcast prescribed burning), has 

temperature ranging from of 100oC- 250oC leaving a black color from charred 

organic matter on the burned surface soil. Damage to the mature tree is 
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minimal, the fire moves quickly burning lightweight fuel. A medium intensity fire, 

also known as crown fires, is characterized by temperature in the range of 300oC 

-400oC that completely consumes the organic material, and leaves an exposed 

mineral soil; fuel has built up and branch ladders are available. A high intensity 

fire; also referred as ground fires (pile burning) has a temperature exceeding 

500oC that leaves white ashes over a reddened mineral soil. The fire destroys the 

vegetation cover down to the roots. This is the hottest of fires. Fire intensity is 

by far mostly affected by soil moisture content.  

Fire regime: prescribed burning and pile burning 

 Prescribed burning is used to control the effects of fire regime. The 

Society of American Foresters (1984) defines prescribed burning as a pre-

planned and controlled application of fire to fuels in either a natural or modified 

state under prescribed conditions of weather, fuel moisture, soil moisture that 

establishes the conditions needed to confine the fire to a predetermined area, 

and more importantly, to create heat intensity to achieve the desired burning 

objectives. Objectives could include a cool burning pattern to reduce unwanted 

understory vegetation under a desired main stand or, a hot burning pattern to 

eradicate diseased trees in an overmature stand. In prescribed burning, the 

position of an individual tree on a slope or within a stand can influence the 

degree of damage caused by fire. Vegetation and trees on slopes generally show 

greater damage than do those on flatter areas.  



 4

Fire regime and soil chemical effects 

Fire intensity greatly affects the chemical concentrations of burned sites. Several 

investigations reported the strong correlation between fire intensity and chemical 

concentrations in the post-fire soils. Christensen (1994) reported the ultimate 

post-fire net loss of nutrients from ecosystems from gasification (N, P, and S), 

vaporization, ash convection, ion leaching and accelerated erosion. Vaporization 

of NO3
- could start at as low as 80oC (Greenwood and Earnshaw, 1984). Post-fire 

leaching of total N in the form of NO3
- can be considerable due to its high 

mobility (Tiedemann et al., 1978). Raison et al. (1985) confirmed the general 

losses of phosphorus, potassium, calcium, and magnesium due to the processes 

of vaporization and convection. Fire has been found to affect the adsorptive 

properties of soils for phosphorus in different ecosystem types (Christensen, 

1987). However, evidence of increased microbial activity and decomposition was 

also found in burned sites due to increasing rates of mineralization and 

transformations such as nitrification (Christensen, 1994). Christensen (1994) 

argued that decreasing plant species competition tends to increase nutrient 

availability. Studies of low intensity fires reveal an increased level of ammonium 

(Kutiel and Shaviv, 1989 and 1993), calcium, magnesium and potassium (Marion 

et al., 1991; Kutiel and Shaviv, 1989), while high intensity fires decreased those 

chemical elements.  Kutiel and Shaviv (1989) also found that pH values increased 

with fire intensity while highest concentrations of sodium, potassium, and 

magnesium occurred at a fire temperature of 250oC. Grogan et al. (2000) 
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reported from their study of Californian bishop pine forest that fire could cause 

severe nitrogen (N) losses from temperate forest ecosystems and wind-spread N 

ash unevenly causes patchy burn mosaics and vegetation patchiness on the 

landscape. Hulbert (1969) and Old (1969) argued that any changes in nutrient 

availability are not attributed to soil heating nor fire-induced changes but due to 

the removal of organic matter or the litter, during the fire.  

Fire regime and AM fungi  

Given the importance of arbuscular mycorrhizal fungi in plant nutrient 

uptake for potential recovery of burned plant communities in an ecosystem 

restoration plan, or the eventual elimination of unwanted plant communities in 

the case of winter or summer prescribed burning (Klopatek et al., 1988), there is 

surprisingly little information available with respect to multi-factor post fire 

effects on arbuscular mycorrhizal fungi in the literature. It is, however, widely 

acknowledged, that there is a corresponding loss of arbuscular mycorrhizal 

propagules and decrease in AM colonization as a function of increased 

disturbance. (Daft and Nicholson, 1974, Janos, 1984, Klopatek and Klopatek, 

1984, Reeves et al., 1979). Fire causes a reduction of the littler, vegetation cover 

and duff, thus, causing a dramatic alteration of the microenvironment of the 

microorganisms living in the topsoil layer including arbuscular mycorrhizal fungi 

(Ahlgren, 1960; Wells et al., 1979). The topsoil serves as a reservoir for 

mycorrhizal spore propagules and propagules of other soil microorganisms 

important for nutrient cycling, decomposition, and mycorrhiza formation (Habte, 
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1989; Sieverding, 1991).  Borchers et al. (1990) revealed that organisms living in 

the rhizosphere, especially mycorrhizal fungi that depend on plants for their 

carbon source, would be impacted from any disturbances such as fire that kill or 

injure living plants. DeBano et al. (1998) suggested that the effect of soil heating 

on soil moisture content indirectly influenced fungal survival. They found a 1 

percent decrease of fungal survival at a temperature of about 60oC in moist soil 

(20 percent water), and at temperature of about 80oC in dry soil (3 percent 

water).  Klopatek et al. (1988) found that temperature of 50oC to 60oC caused   

significant reduction of AM colonization. Johnson et al. (1983) stated that as 

hyphae were known to ramify in the top layer of the soil, once lost by 

combustion they may be lost from AM fungal propagule population. Each species 

of microorganism, including arbuscular mycorrhizal fungi, has an optimum 

temperature range for specific growth, metabolic processes and heat tolerance 

(Bottomley, 1998; Hartel, 1998). However, Puppi et al. (1991) argued that 

arbuscular mycorrhizal fungi might be less affected by disturbances (including 

fire) involving destruction of aerial biomass because they may form symbiotic 

relationships with more than one plant species. Radical changes from soil 

temperature due to fire intensity and frequency, and indirect fire effects such as 

changes in chemical concentration, humic matter content, pH and soil moisture 

are parameters for investigation in this study to assess the negative or positive 

effects of fire on arbuscrular mycorrhizae of post-burn sites in terms of spore 

abundance and AM root colonization. 
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Hypotheses 

The following statements are formulated as hypotheses in this controlled 

experiment: 

• Increase in fire intensity causes a decrease in AM spore abundance 

and root colonization. 

• Increase in fire frequency causes a decrease in AM spore abundance 

and root colonization. 

 As a consequence, the following assumptions are made: 

1) Annual prescribed burning affects the percent root colonization, spore 

abundance, and species variety of AM fungi compared with the 

unburned site. 

2)  Seven-year rotation prescribed burning affects percent root 

colonization, spore abundance, and species variety of AM fungi 

compared with the unburned site. 

3) Frequent prescribed burning (annual burn) affects AM fungi at a higher 

degree compared to the seven-year rotation prescribed burning. 

4) Pile burning affects the percent root colonization, spore abundance, 

and species variety of AM fungi compared with the unburned site. 

5) Intense burning (in pile) affects AM fungi at a higher degree compared 

to both annual prescribed burning, and the seven-year rotation 

prescribed burning. 
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Objectives 

The specific objectives of this investigation are as follows: 

1) To determine the effects of prescribed burning frequency on AM fungal 

spore abundance, species variety and root colonization at Schenck 

Forest. 

 

2) To determine the effects of pile burning intensity on AM fungal spore 

abundance, species variety, and root colonization at James Goodwin 

Forest. 

 

3) To determine the effects of post-fire microenvironment chemical 

changes on AM fungal spore abundance, species variety, and root 

colonization for prescribed burning and pile burning both at Schenck 

Forest and at James Goodwin Forest. 

 

4) To determine the post-fire effects of season, year, fire treatment types 

(burn, pre-burn, post-burn), and depth (only pile burning), on AM 

fungal spore abundance, species variety, and root colonization for 

prescribed burning and pile burning, both at Schenck Forest and James 

Goodwin Forest. 
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CHAPTER II 
 
Effects of Prescribed Burning Frequency on Spore Abundance, Species 

Variety and Percent Root Colonization of AM Fungi at Schenck Forest. 

 
ABSTRACT 

 
Effects of prescribed fire frequency on AM spore abundance and AM percent root 

colonization of Sudan grass Sorghum sudanese L., a local species known to form 

AM roots, were respectively assessed in an annually burned (Site 11) and in a 

seven-year burned (Site 24) loblolly pine, Pinus taeda L. stands, at Schenck 

Forest, Wake County, NC. The unburned control plots were adjacent to each 

experimental site; they maintained taller hardwood and pine tree communities. 

Ten pre-burned, post-burned, and unburned samples from a Cecil series mineral 

soil were randomly collected during spring and summer of 2000 and 2001. Each 

sample consisted of three composite sub-samples. All soil samples were air-dried 

at room temperature (23oC), then stored at 4oC prior to use as soil inoculum in a 

trap culture bioassay conducted in a greenhouse. Spore counts of each soil 

sample per 100g dry soils were obtained using a grid method with dissecting 

microscope (40x). Percent root colonization was determined with the slide 

method. Simple t-test and Satterthwaite’s t-test of unequal variance analysis 

were used at P<0.05, to compare, by year, season and fire treatments, the 

mean number of species and mean number of spores for all species combined.   

A total of 30 different AM fungal species in 4 genera were identified from the 2 

sites examined. Glomus clarum Nicol. & Schenck, an undescribed Glomus species 
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(Glomus fasciculatum-like Gerd. & Trappe emend. Walker & Koske), and Glomus 

etunicatum  Becker & Gerdemann, were found to be the three most widespread 

spores. The annually burned site and the seven-year burned site had a uniform 

variety of species but statistically higher number of spores in site 24. Spore and 

species counts were significantly lower in 2000 than in 2001, summer had 

statistically significant fewer spores than spring except for control in 2001 in the 

annually burned site. The control had significantly more spores and species (non-

significant) than in the burned sites overall, and the pre-burn had non-significant 

fewer species than control, but had statistically significant more spores and 

species than burn. The Sudan grass roots grown on the annually burned and the 

seven-year burned samples had non-significant difference in percent AM fungal 

root colonization. However, percent root colonization was non-significantly higher 

in both sites in 2000 with the exception of the annually burned site 11, which 

was significant. The percent AM fungal root colonization in spring was always 

significantly higher than in summer at the annually burned site, but always 

higher in summer than in spring at the seven-year burned site. The control had 

significantly higher levels of AM fungal root colonization than burn at site 24, but 

it was not significant at site 11 though similarly higher, with the exception of 

spring 2000, which was significantly lower.  Pre-burn was always significantly 

higher than the control and the burn.  
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INTRODUCTION 
 

Prescribed burning is effectively practiced every year to manage unwanted 

understory vegetation, shrubs, grasses and hardwood species that compete with 

the predominant pine forest stands (Society of American Foresters, 1984). 

However, few investigations have reported on the effects of such repeated fire, 

over years on the dynamics of the plant associative arbuscular mycorrhizal (AM) 

fungal populations living in the roots, in the forest floor ecosystem and the upper 

soil layers. Kucera (1960), Pyne (1983) and Abrams (1986) reported a dramatic 

expansion of woody vegetation at the prairie-forest ecotone in North America 

after the European settlement of the 1800’s, which Gleason (1913), Sauer 

(1950), Penfound (1962), and Abrams (1985) attributed to a decreased fire 

frequency and intensity compared to that during the Native American occupation.  

Anderson et al. (1984) reported that the natural distributions of AM fungal 

populations are strongly correlated with edaphic factors. Smith and Read (1997) 

reported that the abundance of spores and their diversity are very variable. 

Consequently, any factors that influence soil-related microenvironments like fire 

and nutrient concentration would influence the soil microorganisms. Fire-induced 

changes include a higher amount of root exudates from increased root mass 

after burning (Kucera and Dahlman, 1968), higher amount of N and P after 

burning (Old, 1969) from stimulation of biological processes such as nitrification 

and mineralization (Ahlgren, 1960, Biswell, 1972), root mass which provides 

substrates for fungal growth, and higher microarthropod density which enhance 
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upward dispersal of fungal propagules. (Lussenhop et al.1984).  Lussenhop and 

Wicklow (1984) also reported an increase in fungal propagules in burned plots 

compared with unburned plots. The objective of this investigation was to assess 

and compare the effects of repeated annual prescribed burning with seven-year 

prescribed burning on AM spore abundance, species variety, and AM fungal 

percent plant root colonization. Fire-induced chemical changes will be used as 

parameters to explain the effects. 

MATERIALS AND METHODS 

Site description and fire history 

The experiment was conducted at Carl Alwin Schenck Memorial Forest 

(Fig.1), a 245-acre predominantly loblolly pine Pinus taeda L. forest stand, with 

mixed hardwoods (Appendix Table 1) located in the western part of Wake 

County, Raleigh, NC. The study sites consisted of a 24-acre seven-year burned, 

and an 11-acre annually burned Loblolly pine stands with adjacent control sites 

(Fig.2). Both sites are part of a 1936 loblolly pine plantation on abandoned 

cropland. Portion of site 11, excluding the adjacent control site, which was never 

been thinned nor received any fire treatment since 1936, was thinned in 1960 

and 1980, prescribed burned every two years from spring 1979 to spring 1992, 

and annually burned from that period on to the present. Site 24 is a 38-year old 

stand recently thinned and has received prescribed burning treatment every 

seven years since October 1961. Site 11 was burned on February 22, 2000 and 

on March 10, 2001. Site 24 was only burned once on February 27, 2000 during 
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this study. The soils of the experimental sites are all in the Cecil series (fine, 

kaolinitic, thermic, Typic Kanhapludults), and characterized as Cecil gravelly 

sandy loam (6-10%) in the seven-year burned site, and Cecil sandy loam eroded 

(2-6%) in the annually burned site. They consist of gently sloping to steep, well-

drained, deep soils of the Piedmont uplands (USDA, 1970).  Natural fertility and 

organic matter content are low, and permeability is moderate. The available 

water capacity is medium, and the shrink-swell potential is moderate. The 

uppermost 0 -14cm layer is dark brown (7.5YR 4/4) sandy loam; weak, fine and 

medium granular structure; very friable when moist; many fine, fibrous roots; 

many fine pores; common small quartz pebbles; strongly acid; with abrupt, wavy 

boundary layer. Selected chemical properties of the two sites including pre-burn, 

post-burned and control sites are summarized in Tables 14, 15, 16 and 17.   

Prescribed burning 

Both sites 24 and 11 received prescribed burning treatments in spring 

2000, and in spring 2001 for site 11 only. The sites were contoured with fire line 

breaks to control fire spread. The fire events were conducted in mid-morning. 

Relative humidity during the fire was about 23.5% and the air temperature was 

19oC in average. Wind blew out of southeast at about <3.5km/h. Mean flame 

height was < 0.25m, and the mean rate of the spread of headfire was 3.7m/min. 

The fire moved quickly burning lightweight fuel. Damage to the mature tree was 

minimal. The fire left a black color from charred organic matter on the burned 

surface soil. The understory vegetation was 90% consumed by fire. The 



  17

prescribed burning at both sites was a cool surface fire. The temperature was in 

the range of 90oC -110oC. It is in line with what Pritchett et al. (1979) described 

in their study of the soil temperature after burning in pine stands. They stated 

that accumulation of up to 15 years of litter layer seldom generated 

temperatures above 52oC for more than 15 minutes at shallow (3-6mm) soil 

depths, and the maximum is below 121oC only for short intervals (2-3min) and 

that the highest temperature of mineral soil, such as the case of Schenck Forest 

soils, is 66oC below the 2.5cm surface.   

Temperature measurement 

Temperature measurements were performed using the Tempilstik 

temperature indicator, which showed a liquid smear at the specified temperature 

rating. Four levels of Tempilstik in the temperature range of 107oC -121oC -343oC 

and 371oC were buried at four different depths: 0cm, 3cm, 6cm, 10cm, and at 

ten different representative locations within the sites.   

Sample collection  

About 150g of ten pre-fire, post-fire, and control samples were randomly 

collected from each site, respectively during spring and summer 2000 and 2001.  

Pre-burned and control samples (never burned) in site 11 were collected 

on February 6, 2000, no pre-burned samples were collected in 2001, but control 

was collected on March 11, 2001. In 2000, post-burned samples were collected 

on February 26, 2000 and March 23, 2000, few weeks after the fire event, in the 

spring, and on July 14, 2000 in the summer. In 2001, post-burned samples were 
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collected on March 13, 2001 in the spring, and on August 14, 2001 in the 

summer. In 2000 in site 24, pre-burned and control samples were respectively 

collected on February 20 and 27, 2000 in the spring, control and post-burned 

samples were collected on August 14, 27, 2000 in the summer. In 2001, spring 

post-burned samples were collected on March 13, 2001, spring control on April 

26, 2001, and summer control and post-burn samples were collected on July 7, 

2001. Appendix Table 5 summarizes the different sampling time of soils collected 

in this study. 

Each sample consisted of three composite sub-samples. All soils collected 

were air-dried at room temperature (23oC) then stored at 4oC before being used 

as soil inoculum in a trap culture bioassay conducted in a greenhouse. 

Trap culture bioassay 

The trap culture bioassay was conducted at the North Carolina State 

University Method Road greenhouse in Raleigh, NC during the period of August – 

November 2001. The average temperature of the greenhouse ranged from  

23.6oC to 42.9oC.  Natural light was used during the experiment. The dormancy 

period of most spore inoculum in the samples is assumed to be broken at the 

time of this trap culture bioassay as spore storage was undertaken at low 

temperature, which demonstrated improved AM spore germination according to 

Mosse (1959) and Hepper (1979). About 30 pure seeds (99.1%) of Sudan Grass, 

a local species known to form AM roots were grown in plastic conetainers (Fig.3) 

for 30 days on 200g of field soils. Sudan grass seeds were pre-germinated for 
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24h on a tap water damped filter paper in a air tight Petri dish to prevent 

contamination. Plants were eventually thinned to four plants per pot, and 

transferred along with the original soil inoculum into pots of pasteurized 

pyramidal-shaped clay containers (2.6L volume) into 1:1 ratio of sandy loam and 

sand (2.5kg). After three months, bioassay samples were harvested for spore 

extraction by wet-sieving (Gerdemann and Nicolson, 1963) and sucrose 

centrifugation according to Jenkins (1964).    

Wet-sieving and spore extraction   

Wet-sieving was performed according to the technique suggested by 

Gerdemann and Nicolson (1963) with some modifications. A mass of 100g of soil 

was suspended in 1000mL of water, vigorously stirred to free spores from soils 

then allowed to settle for 15-30s. The supernatant was decanted through 

standard series of sieves from 1mm to 46µm. The filtrate was collected in a 

plastic bucket and re-passed through a 46µm sieve. The final sieving was 

transferred to 50mL centrifuge tubes with a steady stream of water from a wash 

bottle. The pellets were suspended in chilled, 1.17M sucrose (200.24 g weighed 

into about 200mL water, was dissolved by stirring and heating then brought to 

500L volume), the contents were mixed with a spatula and were immediately 

centrifuged at 3500 RPM in a swinging bucket rotor for 1.5 min., allowing the 

centrifuge to stop without braking. To extract the spores, the supernatant was 

carefully poured through a small-mesh sieve of 41µm to remove sugar solution. 

The spores held on the sieve were carefully rinsed with tap water and, with a 
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plastic wash bottle, washed onto a Petri dish inverted over a round grid paper 

marked with 10 equally spaced grids of 10mm (Fig.3).  The estimate of spore 

counts of each soil sample per 100g dry soils were obtained by counting the total 

number of spores in the 10 representative grids multiplied by 5.67, as examined 

under a dissecting microscope at 50X magnification. 

Spore identification 

Arbuscular mycorrhizal fungal spores were identified to the genus level 

based on the staining intensity reaction of the spore sub-cellular structures 

(spore wall layers, flexible inner walls) to the Polyvinyl-Lacto-Glycerol (PVLG) and 

mixed Melzer: Polyvinyl-Lacto-Glycerol reagents (Appendix Table 2) as described 

by Morton et al. (1992) at the Institute of Vesicular-Arbuscular Mycorrhizae 

(INVAM) website. The spore size was measured with micrometer ocular lenses 

calibrated to give 1 unit for 4.7µm at 4X and 1 unit for 2.7µm at 10X 

magnification. The mean average of 4 spores and more gave the measurement 

in Table 2. The three most widespread spores Glomus clarum Nicol. & Schenck, 

Glomus etunicatum Becker & Gerdemann, and Glomus fasciculatum-like Gerd. & 

Trappe emend. Walker & Koske were identified to species. When stained with 

the reagents, each genus displayed specific cell wall characteristics. Glomus was 

recognized by the thickness of its adherent spore walls that appear to be a single 

layer of 1 to 4 sub-layers. It has straight subtending hyphae. Scuttelospora was 

identified by the existence of two predominant permanent layers with very 

distinguishable bulbous and lobed hyphal attachment. Acaulospora was 
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recognized by the presence of three distinct layers, it also has a soporiferous 

saccule that would eventually degenerate. Gigaspora was immediately 

recognized by its unique large size (>200µm), and the presence of bulbous 

sporogenous hyphal attachment. It lacks flexible inner wall, the outer and 

laminate spore wall layers have smooth surfaces.  

Clearing and staining of roots 

Clearing and staining of roots were performed according to Phillips and 

Hayman (1970) method with some modifications. The roots of Sudan grass were 

obtained from a 60-day bioassay in a greenhouse based on the previously 

described procedure of spore extraction. In this experiment, the plants were kept 

in plastic conetainers until harvest. The lower end of the conetainers was slightly 

sealed with bleach-soaked-cotton balls (10% Bleach) to prevent bench-top 

contamination. At harvest, the bulk roots were respectively washed with tap 

water to remove adhering soil particles.  Bulk fragments of fine feeder roots of 

about 1.5 cm were cut from any parts of the fibrous roots and stirred in a glass 

of 200mL tap water, ¼ of the amount was randomly collected for representative 

sample. The root segments were transferred into 50mL KIMAX glass beakers 

used for clearing and staining roots. The root sub-samples were cleared with 

heated 10% KOH (90oC) solution by immersion for 1 minute; three time rinsed 

with tap water, re-soaked in 3% H202 solution for 3 minutes to bleach heavy 

pigmented roots. The softer clearer roots were re-rinsed at least three times to 

remove all H202, and transferred to a heated (85oC) 1%HCl beaker solution for 
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acidification. Staining of roots was complete by final immersion with heated 

(70oC) Direct Blue stain. The stained root pieces were destained with cold water 

for microscopic root segment examination at 40X.  

Percent root colonization 

The determination of percent root colonization by AM fungi was processed 

when clearing and staining of host plant roots were complete. The modified 

systematic slide length method used (Giovannetti and Mosse, 1980) allowed to 

determine both the intensity and the qualitative presence or absence of 

colonization. The method is a combination of the USDA workable nonsystematic 

classification (USDA Forest Service) and the slide method described by Kormanik 

and McGraw (1982). Percent Root colonization was assessed based on three 

classifications: class 1: 0%; no AM hyphal structures, nor vesicles, nor arbuscules 

are present within the microscopic field, class 2: 5%; only 1 side of the root in 

the field is colonized and the hyphal structure does not cover the entire root 

section in the microscopic field, class 3: 10%; the entire field is covered with AM 

structures, the degree of colonization is highest at this level. All AM structures 

such as vesicles, arbuscules, hyphae were counted for presence of colonization. 

A root segment scores 100% colonization when all its ten fields respectively 

score 10%. There were ten destained fragments per root sample mounted on a 

microscope slide; ten fields for each of ten 1.5cm root pieces were examined and 

tallied for percent of length colonized for a total of 100 fields per plant (McGraw 

et al., 1982).  
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Soil chemical properties  

The soil laboratory analysis reported in Tables 14, 15, 16, 17 was 

conducted at the North Carolina Department of Agriculture, Agronomic Division,  

Soil Testing Laboratory. Composite-samples were collected from pre-fire, post-

fire and unburned control sites by year and seasons.  

The methods used are based on a method that uses a set volume for 

measuring and calculating the nutrient content of soils (Mehlich, 1973; Tucker, 

1984). All soil sub-samples were analyzed using the Mehlich III extract which 

contains 0.2 N acetic acid, 0.25 N NH4NO3, 0.015 N NH4F, 0.013 N HNO3, and 

0.001 N EDTA (Mehlich, 1984) for the determination of phosphorus (P), 

potassium (K), calcium (Ca), magnesium (Mg), copper (Cu), and zinc 

(Zn).  Twenty ml (20mL) of Mehlich III extract was added to 2cm3 soil, shaken 

for 5 minutes, and immediately filtered through Whatman #2 filter 

paper.  Filtration is terminated at the end of 10 minutes.  Exchangeable K, Ca 

and Mg were measured by atomic absorption spectrophotometry (AAS). The 

available soil P concentration in the soil suspension was measured with the 

colorimetric method suggested by Murphy and Riley (1962). Micronutrients (Zn, 

Cu, Mn) were also determined with atomic absorption spectrophotometry.  

The content of soil acidity (H and Al decreases as pH increases) for the 

determination of lime requirement was assessed with the Mehlich-buffer acidity 

method (Mehlich, 1976). Humic matter was measured by photometric 

determination (Mehlich, 1984). Soil pH was measured in a 1:1 water dilution (soil 
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volume: water volume) and a 1:2 dilution in a 0.01M CaCl2 solution (Soil survey 

Laboratory Staff, 1992; procedure 8C1f). The Cation Exchange Capacity (CEC) 

was calculated as the sum of extractable bases plus the extractable acidity, 

expressed in cmol (+) kg-1 of oven-dry soil. The percentage base saturation 

(%BS) was calculated by multiplying the sum of extractable bases by 100 and 

divided the sum of extractable bases plus extractable acitidy. Sulfur (SO4-S) 

assumed as water soluble was tested using barium chloride (BaCl2). Na+ 

was extracted with 1 M ammonium acetate, pH 7.0, and analyzed by Flame 

Atomic Absorption. The test required 2 g of prepared soil. 

The soil test values are reported as an index for P, K, Mg, Zn, and Cu. The 

Ca and Mg are reported as a percent of the effective cation exchange capacity 

(ECEC), obtained by summation of acidity (Ac) and the quantity of K, Ca and Mg 

extracted. The critical quantitative value for each nutrient is assigned an index of 

25 which sets the scale for all nutrients reported as an index. Interpretation of 

such index is described in Appendix Table 5. The scale is used to judge nutrient 

supply and balance in the soil. The sufficiency of the micronutrients Mg, Zn and 

Cu are determined with the nutrient index. With P and K, the index serves to 

calculate the rates of P2O5 and K2O required for individual crops. The soil 

moisture content (by mass) as summarized in Table 18 was measured by 

gravimetric method (Reid, 1982).  
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 Statistic analysis 

Data were statistically analyzed using the SAS software (SAS Institute, 

Inc., Cary, NC) for both the fire frequency, and percent root colonization studies.   

The standard Student’s “T” and the Satterthwaite’s “T” tests for unequal 

variances were used.  Both have the same value and have similar number of 

observations (samples). “T” is the value of the t-statistic used for comparing two 

means, after taking square roots of the counts to stabilize the data. 

Combinations could include all or part of the variables: sites (#11, #24), year 

(2000,2001), seasons (spring, summer), and fire treatment  (unburned control, 

pre-burn, and burn). The “P” given is the two-sided P-value for Satterthwaite’s 

test, which would be slightly smaller for Student’s “T” test. Statistic significance 

was set at P< .05. 

For the fire frequency experiment, there were 10 observations for each 

individual combination for both means. The mean number of species and mean 

number of spores per 100g dry soils shown in Tables 1, 3, 4, 9-13 was 

determined from the raw counts. The degrees of freedom were 18 for Student’s 

“T” for individual combination, for Satterthwaite’s “T” test, they were overall two 

less than 20 times the total number of combinations and slightly smaller, and 

generally not integral. In addition to the analyses reported on mean number of 

species and mean number of spores for all species combined (Table 1), analyses 

were also performed for mean numbers of spores of the three leading species.  
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For the root colonization study, there were nine combinations defined as 

2000-spring-pre-burn, 2000-spring-control, 2001-summer-burn etc. (Tables 10-13). 

The objective was to compare the effects of year, season, control versus burn, pre-

burn versus burn, on the ability of AM fungi to colonize the Sudan grass plant roots 

(% value) grown on soils from the annually burned (site 11), and seven-year burn 

(site 24) sites. Analysis on the value of t-tests for the hypothesis of no difference: the 

value of t, the degrees of freedom, and the two-sided P-value were described in the 

tables of this section (Tables 10-13). For each combination, there were four plant-

root samples at four different locations from site 11, and four from site 24 with the 

exception of five for the 2001-summer-burn combination.  A total number of 40 plant 

root 1cm-segments was observed from each plant root, or combination, with the 

exception of fifty for the 2001-summer-burn combination.  

RESULTS AND DISCUSSION 

Species variety 

 
A total of 30 different AM fungal species (Table 2) in 4 genera; 

Acaulospora, Scutellospora, Gigaspora, and Glomus were identified from the 2 

sites examined. Glomus clarum Nicol. & Schenck (Fig.8) was the most abundant 

species (14532 in 100 samples - Table 1), because it comprises half of all spores. 

This result also applies to the mean number of species for all species combined; 

more than half of all spores were of this single species. Johnson et al. (1987) 

would have expected Scuttelospora and/or Acaulospora species to be the most 

abundant in such acidic environment as Schenck Foret (pH<5 for both 2000 and 
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2001, Table 14, 16) based on their study on sand dune environment. Glomus 

clarum Nicol. & Schenck is also considered as the most widespread species; it is 

present in all samples in site 24, and almost in all samples from site 11. 

Descriptive figures of the number of the three most abundant species per sample 

and per year and season, and the three leading species by season, year and fire 

types are depicted in Fig.6 and 7. Results for the other two most abundant 

individual species Glomus etunicatum  Becker & Gerdemann (Fig.9, 10), and 

Glomus fasciculatum-like Gerd. & Trappe emend. Walker & Koske (Fig.11), were 

highly erratic, and did not reach statistical significance for any overall comparison 

except that there were significantly more Glomus fasciculatum-like spores for 

pre-burn than burn. Glomus etunicatum B.&G.was however also known to better 

establish in pot culture in a quasi-similar study undertaken by Frank-Snyder et al. 

(2000) on their study of the diversity of communities of arbuscular mycorrizal 

fungi present in conventional versus low-input agricultural sites in eastern 

Pennsylvania.  A complete assessment of the species variety in the field soil 

might require additional multiple trap culture bioassays as some spores present 

in the field might not show up in the first pot culture cycle as seen by Frank-

Snyder et al. (2000).         

The results in Table 3 revealed that there was not any significant 

difference (NS in all cases) in the number of species in the two sites. Repeated 

annual fire at site 11 did not apparently lower the species variety. The species 

that were disturbed by fire could have survived the fire; either the temperature 
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range of the cool prescribed burn (90oC -110oC) in site 11 and 24 was still in the 

temperature tolerance range of the species and did not kill off the species, 

similarly to what was suggested by Raney (1965), or there had been eventual 

critical level massive mortality of some species, from loss of AM propagules 

(hyphal networks, spores, mycorrhizal fragments) to burning of organic matter 

and top-layer duffs which can induce radical changes in soil microbial populations 

(Parr, 1968), but the species could have quickly recovered within the short fire 

interval of the annually burned site; such mechanism of adaptation is consistent 

to what Harvey et al. (1976) suggested, that within any given microorganism 

populations, some species were well adapted to the fluctuating temperature of 

fire regime and are more heat stress-tolerant. The AM fungal associates of the 

Liatris picata, a perennial composite herb common to relict prairies and is subject 

to frequent fire, were not in any way stressed by fire (Medve, 1985). The non-

significant reduction of the species variety in 7 out of 9 combinations in site 11 

might be explained by the negligible 1% decrease in species survival that 

DeBano et al. (1998) observed at a temperature of about 60oC in moist soil (20 

percent water). Another explanation could be that some species might have died 

off but were replaced by some early successional strong acid intolerant species 

that helped retain the species variety level of the sites. The post-burn pH slightly 

increased compared to the pre-burn in both sites (Tables 14, and 16).  

Analysis to compare the effects of year on the mean number of species 

(Table 5) revealed an opposite unequal number of species in the variable; the 
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number of species in the year 2000 was significantly smaller overall (P= .0001) 

compared to 2001, and fewer in 6 individual combinations.  The exceptions were 

among controls in spring; equal in spring control 11 for 2000 and 2001, and 

more spores in spring control 24 in 2000 (2.8> 2.1). This result shows that some 

unknown factors susceptible to affect AM fungal species, less likely to be directly 

related to fire were present in 2000 but not present in 2001. The “factors” which 

did not favor AM fungal species variety are less likely to be related to fire 

otherwise the spring pre-burn sample (SPOO SITE 11) would not be so 

significantly affected (P= .0002) nor that the two summer control (sites 11 and 

24) would not be non-significantly affected in that particular year. It can also be 

hypothesized that some factors in 2001 not present in 2000 favored AM fungal 

species variety at the exception of the spring controls 11 and 24.  

The data in Table 6, assessing the seasonal effect on mean species variety 

showed an overall neutral seasonal effect on number of species (6 of 8 

combinations) in both sites. There was a slight decrease in the summer but 

significance was not generally present, at the exception of only 1 combination 

(SPC0024: 2.8>1.1, P= .0450). Some portion of the AM species might be 

dormant in summer, which might explain such reduction in number; summer 

species generally start a late summer germination, increase in number in the fall 

and reach a climax in winter or early spring. This is in line to what Gemma et al. 

(1988) reported on the major formation of Gigaspora gigantea (Nicol. & Gerd.) 

spores in the late summer and fall, with increased abundance from July onward 



  30

and reached a maximum in December. However, Dhillion et al. (1993) observed 

an opposite situation with their study of the dominant AM fungal associates of 

little bluestem grass species [Schizachyrium scoparium (Michx.) Nash]. The AM 

fungi, which included undescribed species of Glomus, Scuttelospora heterogama, 

and Sclerocystis rubiformis, are dormant in winter and increase in number in 

summer (July and August).   

Comparison of the difference in species number between the burned and 

unburned sites in both 11 and 24 revealed a negligible difference in number of 

species, as an overall non-significant higher number of species was detected, 

and for 6 of 8 combinations (Table 7). There were, however, significantly more 

species for pre-burn than for burn (Table 8) for all 3 combinations (and overall), 

and this difference was significant for species (overall and for 1 combination). 

The pre-burn samples showed higher K, Ca, Mg, higher P compared to the 

burned one (Table, 16) similar to the findings by Marion et al. (1991). The data 

do not necessarily assume that burning has not in any way affected the AM 

species’ numbers, the result (Table 7) still suggests that species maintained more 

variety in the unburned site though statistic significance was seldom present. 

The unburned site 11, which has never been thinned since 1936, also maintained 

more plant communities that can support a stable number of AM species than 

burn.  It has been reported from various sources that post-fire soils show a 

reduced AM propagules (Klopatek, 1988). 
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Spore abundance   

Soil inoculum consists of spores, roots and hyphae that all may be able to 

inoculate seedlings (Helm and Claring, 1990). Spores are the major survival 

structures of AM fungi, and are usually the most important propagules in nature 

due to their ability to remain infective for long periods (Sieverding, 1991). The 

following results in regards to the effects of frequent burning on spore 

abundance is generally in line with what was observed for species variety, 

though the spores seemed more significantly affected in various treatments than 

the species. The effects of frequent burning on the two experimental                    

sites, for example, revealed a statistically significant reduction in number of 

spores at the annually burned site compared with the seven year- burned one 

(Table 3), and in 6 of 9 combinations (NS for each individual combination), 

whereas the species variety were not significantly affected. This is consistent 

with the hypothesis set at the beginning of the study that an increase in fire 

frequency causes a decrease in AM spore abundance. The obvious explanation 

can be that a large amount of the spore inocula inhabiting the soil surface duff 

and litter, where they mostly reside, can be lost to repeated burning in the 

annually burned site (Wells et al., 1979). Before the species would be critically 

affected, propagules such as the spore inoculum have to be dramatically 

reduced.  

The result on the difference between the two growing seasons, termed as 

year 2000 and year 2001 (Table 5) revealed an equal significant effect for 
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species and spores. There were in overall fewer spores in 2000 than in 2001 for 

both species and spores.  The number of spores was significantly reduced in 

2000 than 2001, though statistically significant in only 3 combinations, and fewer 

in 7 of 8 of the combined variables. The exception was the spring control at site 

11 in 2000 that had non-significant fewer spores (12.2>5.9) than in 2001. 

Similarly to the explanation given for species, the factors that disfavored the AM 

spores in 2000 would be less likely to be directly related to fire as the 

independent variables which did not receive the fire treatment, both pre-burn 

(PB00/11) and unburned (SMC00/11), and a burned sample (SMB00/24) were 

the three combinations which showed significance. The large difference in P-I 

(10 and 4) and % humic matter (0.66 and 0.56) is the only major discrepancy 

detected in chemical properties between the SMB00/24 and SMB01/24 compared 

to all of the other yearly-paired combinations (Table 16 and Fig.26). The 

inhibitory effect of higher P was demonstrated in other experiments (Khaliq and 

Sanders, 2000). However, the much higher P-I (33.5) in SPB00/11 did not 

suppress the spore number in that sample which leads to assume that some of 

the species in that sample were less sensitive to higher P concentration. Glomus 

mossae [(Nicol.& Gerd.) Gerdermann and Trappe] was, for example, reported to 

be more sensitive to P fertilizer than the community of indigenous and 

introduced AM fungi (Khaliq, 2000). The AM species can have different tolerance 

of P concentration and all other edaphic factors as reported by various 

investigations (Pearson et al., 1994, Abbott and Robson, 1978). But more 
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interestingly, the mycorrhizal dependency of certain host plants, which was 

defined by Gerdemann (1975) as the degree to which a plant relies upon the 

mycorrhizal condition to produce its maximum growth or yield at a give soil 

fertility level, usually dictates the P sensitivity range of their AM fungal 

associates.   

Seasonal variation in spore number was similarly detected. Summer 

samples showed an overall significant fewer spores than in spring (7 of 8 

combinations); significance was present in 4 individual combinations (Table 6). 

This occurrence might be attributed to lower soil moisture during the summer 

(Table 19), which was demonstrated to limit the growth and development of AM 

fungi (Bowen and Theodorou, 1973). Summer dormancy of some spores can also 

limit the number in summer compared to spring. Samples from the control site 

11 in 2001 had exceptional higher spore number at a significant level.  

The effect of the short fire interval in site 11 also showed statistically 

more spores for control than for burn overall, and for 7 of 8 combinations 

(significant for 2 of them) as seen in Table 7.   

There were more spores for control than for pre-burn overall but 

significance was not present (Table 8).  For the 3 individual combinations the 

results were mixed, but with a highly significant difference in favor of pre-burn at 

Site 11 in spring 2001 for both variables. 

There were more spores for pre-burn than for burn (Table 9) for all 3 

combinations (and overall), however, this difference was not significant for 
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spores. Lussenhop and Wicklow (1984) found a similar result on their study of 

tallgrass prairie, which showed an increase of AM fungal propagules in the top 0-

6cm layers of burned prairie plots compared with unburned plots. They 

attributed the expansion in propagule density to increased root exudates and 

arthropod propagule dispersal enhanced by blooming root mass in the post-fire 

environment.  

Percent AM root colonization 

 At Schenck Forest, among 730 samples, the AM colonization percentages 

of Sudan grass roots are uniformly spread out from 0 to 100, with an overall 

mean of 39% at each site.  The results of the t-tests analysis for the hypothesis 

of no difference: the value of t, the degrees of freedom, and the two-sided P-

value were described in the tables of this section (Tables 10 -13).  

In overall, no significant difference has been denoted between the two 

sites 11 and 24 in terms of percent root colonization. Higher non-significant 

percentages were found at the annually burned site 11, for 6 combinations out of 

9, including all of them in spring, with the exception of only 2 significant 

combinations at 5%.  On the other hand, the differences in the opposite 

direction for the remaining 3 combinations are all large. Two of them are also 

statistically significant confirming the overall similarity between sites.  

Bellgard et al. (1994) observed a similar phenomenon as they found no 

difference in the colonization of plant roots between burned and adjacent 

unburned sites. Klopatek et al. (1988) found that temperature of 50 to 60oC 
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caused significant reduction of AM colonization. They also found a strong 

correlation between soil temperature and the reduction of subsequent formation 

of vesicular-arbuscular mycorrhiza in the roots of bioassay plants. Wicklow-

Howard (1989) found similar results when there was a 50% decrease in the 

infection of vesicular-arbuscular mycorrhizae in bioassay plants grown in soil 

from a burned site than an unburned site. Bellgard et al. (1994) observed no 

difference in the colonization of plant roots between burned and adjacent 

unburned sites. Dhillion et al. (1993) reported a significant decrease in AM 

percent root colonization in burned sites compared to unburned site.  

 Table 10 compares the percentages between years for each season-type 

combination, and overall, at each site.  The percentages are higher for 2000 than 

2001, for 6 combinations out of 8, but the differences are much smaller than those 

found between sites.  At Site 11 (annual burn) the differences overall and for the 

burn treatment are statistically significant at 5%, but at Site 24 (7-year burn) there is 

nothing so significant statistically. 

 Table 11 compares the percentages between seasons, for each year-type 

combination, and overall, at each site.  Here the pattern is clear: the percentages 

are always higher in spring than in summer at Site 11 but always higher in 

summer than in spring at Site 24.  This phenomenon is statistically significant at 

5% overall and for one individual combination at Site 11 and significant not only 

overall but for every individual combination at Site 24. 
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 Table 12 compares the percentages between control and burn, for each 

year-season combination, and overall, at each site.  The percentage is higher for 

control than burn by at least 12 points for each combination at Site 24, and this 

is statistically significant at 5% not only overall but also for each individual 

combination.  However, although the percentage is higher for control than burn 

for 3 combinations out of 4 at Site 11, the direction is reversed for one 

combination (2000 spring) and is in no case statistically significant. 

 Finally, Table 13 compares the percentages for pre-burn with those for 

control and burn, for each year for each site (for 2000 spring only). The 

percentage is always higher for pre-burn than either control or burn. This 

difference is statistically significant at 5% in 3 cases out of 4. 

Fire-induced chemical changes 

At site 11, the pH and the exchangeable ions K-I, %Ca and %Mg 

uniformly increased following fire and were higher in burned than in pre-burn 

and control.  Percent humic matter was higher in control than burn and pre-burn 

in all seasons and years. Effective CEC was higher in burn than in pre-burn and 

control in 2000 but always higher in control than burn in 2001. The percent base 

saturation was higher in burn than in pre-burn and control in 2000 and 2001.  

At site 24, there is not much fluctuation of chemical concentration prior or 

following fire. In 2000, the pH of the burned in 2000 slightly raised from 5 to 5.2. 

Summer control in 2001 had the highest for all the chemical nutrients. ECEC was 

11.3, %BS is 76, P-I is 26, %Ca is 48, %Mg is 16 and acidity is pH 4.8 
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(Table.16). The summer control in 2001 also had a high level of everything, 

almost similar to the SP1C.  

The moisture content determination of the soils at sites 11 and 24 (Table 

8) revealed a slight drying up in the summer which is understandable from the 

general higher evapotranspiration and higher temperature in summer, it ranges 

from 20-30% in spring which is considered as moist by DeBano et al. (1988) and 

about 6.5%-16.8% in summer; still above the dry soil characteristics as defined 

by DeBano et al. (1988) at 3% moisture content. Lower soil moisture in burned 

compared to unburned areas have been also reported by Hopkins (1954), Keltin 

(1957), Anderson (1965) and Petersen (1983). The burned samples get drier 

(PB11 and B11 in 2000) from 20.9% to 26.7%, in site 11 in 2000, contrarily to 

site 24, which had higher moisture content in 2000 from 25.8% to 30.3%. There 

is higher moisture content after removal of trees; more trees from site 24 were 

removed compared to site 11 because of the long seven-year burning rotation. 

Pritchett et al. (1979) suggested that the post-fire removal of the majority of the 

forest floor could lead to a significant reduction of the water absorption and 

retention by the humus layer. The soil water content analysis was not statistically 

analyzed in this experiment and could not be reliably correlated with the mean 

number of species or spores at the sites. 
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CONCLUSIONS 
 

The temperature of the controlled prescribed burning at Schenck Forest 

was not high enough to have induced a large different effects between the 

annually burned site compared to the seven-year burn site. Species were non-

significantly affected though the spores significantly declined to repeated fire 

disturbance from the loss of the duff and organic matter that support most of AM 

spores. The species could survive the fire though at a non-significant number. 

Immediate fire-induced post-fire change of soil chemical properties and soil 

moisture was shown to stimulate the AM species variation. There were fewer 

species in control compared to pre-burn. The negligible effect of frequent 

burning on mean number of AM species illustrates the species’ tolerance of cool 

surface fire.  
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Fig.1 Map of Schenck Memorial Forest (College of Natural Resources, North Carolina State University) 

 

 



Fig 2. Experimental site 11 (annually burned), and 24 (seven-year burned) at Schenck Forest               45 
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Fig 3. Petri dish for spore counts measurement to tally spore numbers from the 10 
representative grids. Numbers of spores in squares are multiplied by 5.67 to get 
estimated number of total AM spores per 100g dry weights of soils. (Courtesy of 
Dolly Watson).
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              Fig. 4 Mycellial tangle                                                           Fig. 5  Hyphae and vesicles in root  cortical cells.  

                                                                                                                 Arrow indicates  a cluster of vesicles. 
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Fig. 6 Percent of three most abundant species per sample at site 11; % of the leading species in all 

species/100g soil sample. SP=spring; PB=pre-burn; B=burn; SM=summer; 00=2000; 01=2001; 
C=control; sp.=species 

  Three most abundant species per combination at site 11 

Combination Species n.1 Species n.2 
 

Species n.3 
 

SPC00 Glomus clarum Glomus fasciculatum-like Unknown sp. (sp.10) 
 

SPPB00 Glomus clarum Glomus fasciculatum-like Unknown sp. (sp.9) 
 

SPB00 Unknown sp. (sp.11) dark red brown subglobose Paraglomus occultum 
 

SMB00 Unknown sp. (sp.16) Glomus fasciculatum-like Glomus clarum 
 

SMC00 Glomus clarum Unknown sp. (sp.19) Glomus fasciculatum-like 
 

SPC01 Unknown sp. (sp.11) Glomus fasciculatum-like 
 
Glomus clarum 

 
SPB01 Scuttelospora (sp.2) Unknown sp. (sp.8) 

 
Glomus clarum 

 
SPPB01 Gigaspora (sp.12) Glomus etunicatum 

 
Glomus clarum 
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Fig. 7 Percent three most abundant species per sample at site 24. % based on portion of  the 
species compared to all species in each sample; Site 11= annual burn, site 24=7-year burn. 
SP=spring; PB=pre-burn; B=burn; SM=summer; C=control; 00=2000; 01=2001; sp.=species 

 
 Three most abundant species per combination at site 24 
 

Combination Species n.1 Species n.2 
 

Species n.3 

SPC00 
 
Glomus clarum Glomus etunicatum Unknown sp. (sp.#15) 

PB00 
 
Glomus clarum Paraglomus occultum Acaulospora sp. (sp.#13) 

B00 
 
Glomus clarum Glomus fasciculatum-like Scuttelospora sp. (sp.#2) 

SMB00 
 
Unknown sp. (sp.#16) Glomus fasciculatum-like Glomus clarum 

SMC00 
 
Glomus clarum Unknown sp. (sp.#6) Glomus fasciculatum-like 

SPC01 
 
Glomus clarum Glomus fasciculatum-like 

 
Unknown sp. (sp.#7) 

SMC01 
 
Glomus clarum Unknown sp. (sp.#20) 

 
Unknown sp. (sp.#30) 

SMB01 
 
Glomus clarum Gigaspora sp. (sp.#12) 

 
Unknown sp. (sp.#7) 
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                     Fig.8 Glomus clarum                                           Fig.9 Glomus etunicatum  
 

 
                  
                  Fig.10 Glomus etunicatum                                        Fig.11 Undescribed species  
                                                                                             (Glomus fasciculatum – like) 

               Fig.12 Undescribed species                                       Fig.13  Paraglomus occultum  
             (Glomus fasciculatum – like)
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Fig. 14 Mean number of spores per sites 11 and 24 
Site 11= annual burn, Site 24= 7-year burn. SP=spring; S=summer;      
PB=pre-burn; B=burn; C=control; 00=2000; 01=2001; sp.=species 

 

 

 

 

 

 

 

 



 52
 

 
 

 

 

0

2

4

6

8

10

12

14

16

18

SPC0

SPPB0
SPB0

SC0
SB0

SPC01
SPB0

SC01
SB01

Seasons (spring, summer) and Year (2000-2001)

M
ea

n 
nu

m
be

r o
f s

po
re

s
/1

00
g 

dr
y 

so
ils

Annual
Burn

Seven-year
Burn

           
Fig.15 Mean number of species/100g soil per site 11 and 24; Site 11=annual burn, 

                  Site 24= 7-year burn; SP=spring; S=summer; PB=pre-burn; B=burn; C=control;     

                 00=2000; 01=2001; sp. =species  
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Fig. 16. The three most widespread species at site 11; SP=spring; 

                  PB=pre-burn; B=burn; SM=summer; C=control; 00=2000; 01=2001; 
Glom.=Glomus;  Fascic.= fasciculatum; Etunic=etunicatum 
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Fig. 17. The three most widespread species at site 24 
SP=spring; PB=pre-burn; B=burn; SM=summer; C=control;  
00=2000; 01=2001; Glom.=Glomus; Fascic.= fasciculatum; 
Etunic=etunicatum 
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Fig. 18 Effects of pH and P-I on the mean number of spores 
/100g dry soil at site 11 for SBO, S1B, SPC1, SPPBO, SPBO, 
SPCO, SPB1, S1C 
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Fig. 19 Effects of pH and P-I on the mean number of species  
/100g dry soil at site 11 for SBO, S1B, SPC1, SPPBO, SPBO, SPCO,  
SPB1, S1C 

 
 
 
 



 56
 

 
 

 
 
 

0

0.5

1

1.5

2

2.5

3

0 5 10

%HM and CEC

M
ea

n 
nu

m
be

r o
f s

pe
ci

es
/

10
0g

 d
ry

 s
oi

l

%HM
CEC

 
Fig. 20 Effects of %HM and CEC on the mean number 
of species/100g soil at site 11 for SBO, S1B, SPC1, SPPBO, 
SPBO, SPCO, SPB1, S1C 
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Fig. 21 Effects of %HM and CEC on mean number 
of spores /100g dry soil at site 11 for SBO, SPBO, S1B, SPC1 
SPCO, SPPBO, SPB1, S1C 
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Fig. 22 Effects of pH and P-I on the mean number of 
spores/100g dry soil at site 24 for SBO, S1B, SPC1, 
SPPBO, SPBO, SPCO, SPB1, S1C 

 

0

5

10

15

20

25

30

0 2 4 6

pH and P-I

M
ea

n 
nu

m
be

r o
f s

pe
ci

es
/

10
0g

 d
ry

 s
oi

l

pH
P-I

 
Fig. 23 Effects of pH and P-I on the mean number of 
species/100g dry soil at site 24 for SBO, S1B, SPC1, 
SPPBO, SPBO, SPCO, SPB1, S1C 
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Fig. 24 Effects of % HM and CEC on mean number of spores  
/100g dry soil at site 24 for SBO, SPBO, S1B, SPC1, SPCO,  
SPPBO, SPB1, S1C 
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Fig. 25 Effects of % HM and CEC on mean number of species 
/100g dry soils at site 24 for SBO, SPBO, S1B, SPC1, SPCO, 
SPPBO, SPB1, S1C 
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TABLES 

 

Table 1． List of number of AM spore species at site #11 and site #24 at 
Schenck Forest 

 
NBR NUMGPS NUMSAMPS NUMSPORS 

Species 1 19 100 14532 

Species 2 7 14 941 

Species 3 9 20 913 

Species 4 17 49 799 

Species 5 
 

1 3 652 

Species 6 9 36 493 

Species 7 14 29 403 

Species 8 2 2 357 

Species 9 7 19 255 

Species 10 5 15 244 

Species 11 5 6 187 

Species 12 2 7 153 

Species 13 3 6 147 

Species 14 2 6 119 

Species 15 2 3 91 

Species 16 3 10 91 

Species 17 1 1 85 

Species 18 4 9 68 
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Species 19 2 4 62 

Species 20 1 1 51 

Species 21 2 2 34 

Species 22 1 2 28 

Species 23 1 1 28 

Species 24 1 3 17 

Species 25 1 1 11 

Species 26 1 1 11 

Species 27 1 1 6 

Species 28 1 1 6 

Species 29 1 1 6 

Species 30 1 1 6 

 
This output is relevant to deciding which species is most abundant. 
It lists the different species by species number, and for each gives: 
 
NUMGRPS: the number of "groups" (site/year/season/treatment combinations) 
out of 19 possible in which the species appears. 
 
NUMSAMPS: the number of samples out of 190 possible in which the species 
appears. 
 
NUMSPORS: the total number of spores observed (Multiplied by 5.67 for total 
counts /100g estimation) in all 190 samples combined. 
 
SITE#11=annually burned; SITE #24=seven-year-rotation burn; Species number 
description (ref. Table 2) 
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Table 2. Description of AM spores from Schenck Forest site#11 and #24 
 
Species  # Species Name Description (color, shape, size and others) 

 
Species 1 Glomus clarum 

 
hyaline, pale white, globose, 110µm, spore wall 
8µm thick 
 

Species 2 Scutellospora sp.  Light yellow, globose, large, 180µm, 3 distinct layers 
when stained with Melzer reagent. Bulbous 
subtending hyphae, sporogeneous saccule  
 

Species 3 Paraglomus occultum small white, subglobose, 75µm 
 

Species 4 Undescribed species.  charcoal brown, oblong, in sporocarps cluster, 
80µm, very thick inner wall. Distinct straight 
subtending hyphae with septa. It looks like Glomus 
fasciculatum 
 

Species 5 Unknown dark yellow, globose, medium large, 180µm 
 

Species 6 Unknown red brown, round, 95 µm                                         
 

Species 7 Glomus sp. Unknown red brown, ovoid, 115µm, 2 very thick spore wall 
 

Species 8 Unknown yellow orange, round, large 210µm                           
 

Species 9 Unknown yellow brown, globose, large, 195µm  
 

Species 10 Glomus sp.Unknown light yellow, globose, 145µm, very thick inner wall 
(L2), straight subtending hyphae.  
 

Species 11 Unknown dark brown, globose, 140µm                          
 

Species 12 Gigaspora sp. white, globose, 280µm   
 

Species 13 Acaulospora sp. 
 

white, very globose, 200µm 

Species 14 Unknown orange, subglobose, 75µm                 
 

Species 15 Unknown light yellow, subglobose large, 320µm 
 

Species 16 Glomus sp. Unknown brown-orange, globose, very thick cell wall, 110µm    
 

Species 17 Unknown dark red brown, subglobose, 120µm    
         

Species 18 Unknown orange globose 95 µm 
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Species 19 Unknown dark red brown, globose, 100µm 

 
Species 20 Unknown yellow, round, very large, 420µm                            

 
Species 21 Glomus sp. Unknown milky white, 140µm        

 
Species 22 Unknown solid clear, 110µm                      

 
Species 23 Unknown red small, round, 50µm                                           

 
Species 24 Unknown brown medium, large, 290µm                          

 
Species 25 Unknown solid cream, 105µm 

 
Species 26 
 

Unknown brown, globose, 100µm 
 

Species 27 Unknown clear orange, 60µm                        
 

Species 28 Glomus sp. hyaline cream, 120 µm, very thick spore walls            
 

Species 29 Unknown red-orange brown, 110µm                    
 

Species 30 Unknown brown round, 135µm                           
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Table 3. Comparing mean number of spores and mean number of species at sites 11 and 24 
 

COMBINATION MEAN NUMBER OF SPECIES MEAN NUMBER OF SPORES 

YEAR SEAS TRT 11 24 T P 11 24 T P 

2000 SP C 1.4 2.8 1.56 .1365 12.2 60.4 1.56 .1455 

2000 SP PB 1.5 2.1 1.43 .1743 8.5 40.8 2.02 .0646 

2000 SP B 1.2 1.2 0.19 .8524 6.5 19.1 1.23 .2365 

2000 SM C 1.2 1.1 0.55 .5899 5.9 5.8 0.53 .6034 

2000 SM B 1.1 1.0 0.11 .9175 1.7 1.7 0.17 .8670 

2001 SP C 1.4 2.1 1.17 .2596 5.9 90.0 1.97 .0762 

2001 SP B 2.3 2.0 0.07 .9467 18.8 20.8 0.47 .6438 

2001 SM C 2.7 2.0 0.73 .4760 30.5 7.7 1.93 .0774 

2001 SM B 1.4 2.3 1.44 .1680 3.3 6.8 1.42 .1734 

OVERALL 1.6 1.8 1.58 .1170 10.3 28.1 2.51 .0133*

SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SM=summer; SEAS=season;  

TRT=treatment; T=T-test; P=P-value; C=control; B=burn; PB=pre-burn; SP= spring, SM=summer; 

*=significant at P< .05 
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Table 4. Mean number of species and spores in site 11 and 24 per season, year and fire 
treatments 

 
SAMPLE 

MNSPECS11 MNSPECS24 SAMPLE MNSPOSR11 MNSPORS24

SPOC 
 

7.9 
 

13.6 SPOC 
 

68.6 
 

342.5 
SP0PB 8.5 15.9 SP0PB 48.2 231.3 

SP0B 
6.8 11.9 SP0B 36.9 108.3 

SM0C 6.8 6.8 SM0C 33.5 32.9 

SM0B 6.2 6.2 SM0B 9.6 9.6 

SP01C 7.9 5.7 SP01C 33.5 510.3 

SP01B 13.0 11.9 SP01B 106.6 117.9 

SM01C 15.3 11.3 SM01C 33.5 43.7 

SM01B 7.9 11.3 SM01B 18.71 38.6 

 

SITE#11=annually burned; SITE #24=seven-year burned; MNSPECS=mean number of species; 

MNSPORS=mean number of spores; SP=spring; SM=summer; 0=year 2000; 1=year 2001; 
C=control; B=burn; PB=pre-burn 
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Table 5. Comparing mean number of spores and mean number of species at sites 11 and 24 by year (2000 and 2001) 
COMBINATION MEAN NUMBER OF SPECIES MEAN NUMBER OF SPORES 

SITE SEAS TRT 2000 2001 T P 2000 2001 T P 

11 SP C 1.4 1.4 0.44 .6664 12.2   5.9 1.36 .1923 

11 SP PB 1.5 5.0 4.92 .0002*   8.5 22.2 3.09 .0070*

11 SP B 1.2 2.3 1.64 .1181   6.5 18.8 1.84 .0836 

11 SM C 1.2 2.7 2.02 .0587   5.9 30.5 2.28 .0417*

11 SM B 1.1 1.4 0.58 .5693   1.7   3.3 1.16 .2627 

24 SP C 2.8 2.1 0.69 .4993 60.4 90.0 0.22 .8321 

24 SP B 1.2 2.0 2.24 .0445* 19.1 20.8 0.76 .4586 

24 SM C 1.1 2.0 1.83 .0858   5.8   7.7 1.05 .3072 

24 SM B 1.0 2.3 2.13 .0473*   1.7   6.8 2.46 .0262*

OVERALL 1.4 2.4 3.92 .0001* 13.5 22.9 2.29 .0230*

 

SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SM=summer; SEAS=season; TRT=treatment; T=t-test; 
P=P-value; C=control; B=burn; PB=pre-burn; *=significant at P< .05
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Table 6. Comparing mean number of spores and mean number of species at sites 11 and 24 by summer and spring seasons 

 
COMBINATION MEAN NUMBER OF SPECIES MEAN NUMBER OF SPORES 

SITE YEAR TRT SP SM T P SP SM T P 

11 2000 C 1.4 1.2 0.26 .8005 12.2 5.9 0.98 .3429 

11 2000 B 1.2 1.1 0.33 .7436 6.5 1.7 1.11 .2865 

11 2001 C 1.4 2.7 1.88 .0771 5.9 30.5 2.50 .0248*

11 2001 B 2.3 1.4 1.33 .2010 18.8 3.3 2.41 .0325*

24 2000 C 2.8 1.1 2.15 .0450* 60.4 5.8 2.22 .0483*

24 2000 B 1.2 1.0 0.47 .6428 19.1 1.7 2.08 .0631 

24 2001 C 2.1 2.0 0.12 .9059 90.0 7.7 1.66 .1299 

24 2001 B 2.0 2.3 0.02 .9839 20.8 6.8 2.29 .0365*

OVERALL 1.8 1.6 0.87 .3842 29.2 7.9 3.19 .0018*

 

SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SM=summer; SEAS=season; TRT=treatment;  

T=T-test; P=P-value; C=control; B=burn; *=significant at P< .05 
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Table 7.  Comparing mean number of spores and mean number of species at sites 11 and 24 in control versus burn 
 

COMBINATION MEAN NUMBER OF SPECIES MEAN NUMBER OF SPORES 

SITE YEAR SEAS C B T P C B T P 

11 2000 SP 1.4 1.2 0.47 .6450 12.2 6.5 1.22 .2381 

11 2000 SM 1.2 1.1 0.59 .5624 5.9 1.7 2.14 .0476*

11 2001 SP 1.4 2.3 1.48 .1562 5.9 18.8 1.97 .0661 

11 2001 SM 2.7 1.4 1.76 .0951 30.5 3.3 2.88 .0150*

24 2000 SP 2.8 1.2 1.87 .0791 60.4 19.1 1.29 .2189 

24 2000 SM 1.1 1.0 0.06 .9548 5.8 1.7 1.05 .3114 

24 2001 SP 2.1 2.0 0.47 .6470 90.0 20.8 0.94 .3672 

24 2001 SM 2.0 2.3 0.32 .7554 7.7 6.8 0.29 .7749 

OVERALL 1.8 1.6 0.83 .4070 27.3 9.8 2.25 .0264*

 

SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SM=summer; SEAS=season;   
T=T-test; P=P-value; C=control; B=burn; PB=pre-burn; *=significant at P< .05
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Table 8. Comparing mean number of spores and mean number of species at sites 11 and 24 in control versus pre-burn 
 

COMBINATION MEAN NUMBER OF SPECIES MEAN NUMBER OF SPORES 

SITE YEAR SEAS C PB T P C PB T P 

11 2000 SP 1.4 1.5 0.17 .8701 12.2 8.5 0.60 .5572 

11 2001 SP 1.4 5.0 4.59 .0006* 5.9 22.2 3.99 .0011*

24 2000 SP 2.8 2.1 0.40 .6961 60.4 40.8 0.29 .7761 

OVERALL 1.9 2.9 2.27 .0270* 26.2 23.8 0.67 .5064 

 

SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SEAS=season; T=T-test; P=P-value;  

C=control; B=burn; PB=pre-burn; *=significant at P< .05 
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Table 9. Comparing mean number of spores and mean number of species at sites 11 and 24 in pre-burn versus burn 

COMBINATION MEAN NUMBER OF SPECIES MEAN NUMBER OF SPORES 

SITE YEAR SEAS PB B T P PB B T P 

11 2000 SP 1.5 1.2 0.63 .5386 8.5 6.5 0.68 .5055 

11 2001 SP 5.0 2.3 3.44 .0039* 22.2 18.8 1.04 .3158 

24 2000 SP 2.1 1.2 2.07 .0557 40.8 19.1 1.21 .2413 

OVERALL 2.9 1.6 2.86 .0059* 23.8 14.8 1.64 .1070 

 

SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SEAS=season; T=T-test; P=P-value;  

C=control; B=burn; PB=pre-burn; *=significant at P< .05
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 Table10. Comparing Sites 11 and 24 by year for root colonization study 

Site Season Type (00) – (01) T DF P 
 

11 SP C 3.6 .73 333 .4656 
 

 SP B 10.0 2.02  .0447* 
 

 SM C 6.5 1.31  .1912 
 

 SM B 11.8 2.50  .0129* 
 

OVERALL 10.1 4.36  < .0001* 
 

24 SP C 1.8 .32 324 .7528 
 

 SP B -5.8 -1.04  .3011 
 

 SM C -7.0 -1.26  .2083 
 

 SM B 2.5 .45  .6528 
 

OVERALL .3 .11  .9131 
 

 
Table10 compares the percentages between years for each season-type combination, and 
overall, at each site. SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; 
SM=summer; 00=year 2000; 01=year2001; T=T-test; P=P-value; DF= degrees of freedom; 
C=control; B=burn; PB=pre-burn; *=significant at P< .05 
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Table 11. Comparing sites 11 and 24 by seasons for root colonization study 
 

Site Year Type (SM) – (SP) T DF P 
 

11 2000 C -1.9 -.38 333 .7058 
 

 2000 B -9.9 -1.99  .0474* 
 

 2001 C -4.8 -.96  .3392 
 

 2001  -11.6 -2.47  .0138* 
 

OVERALL -7.0 -2.87  .0043* 
 

24 2000 C 17.6 3.17 324 .0016* 
 

 2000 B 19.6 3.53  .0005* 
 

 2001 C 26.4 4.75  < .0001* 
 

 2001 B 11.4 2.05  .0413* 
 

OVERALL 18.8 6.75  < .0001* 
 

 
SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SM=summer; T=T-test; 
P=P-value; DF= degrees of freedom; C=control; B=burn; PB=pre-burn; *=significant at P< .05 
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Table 12. Comparing Control with Burn at sites 11 and 24 in root colonization study 

 
Site Year Type (C) – (B) T DF P 

11 2000 SP -5.1 -1.03 333 .3025 

 2000 SM 2.9 .58  .5628 

 2001 SP 1.2 .25  .8013 

 2001 SM 8.2 1.73  .0844 

OVERALL 1.8 .73  .4662 

24 2000 SP 20.0 3.60 324 .0004* 

 2000 SM 18.0 3.24  .0013* 

 2001 SP 12.5 2.25  .0250* 

 2001 SM 27.5 4.95  < .0001*

OVERALL 19.5 7.02  < .0001*

 
SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SM=summer; 
T=T-test; P=P-value; DF= degrees of freedom; C=control; B=burn; PB=pre-burn; 
*=significant at P< .05 
 

Table 13. Comparing Pre-burn with Burn and Control at sites 11 and 24 in root colonization study 
 

Site  Difference T DF P 
 

11 PB – B 5.2 1.06 333 .2909 
 

 PB – C 10.4 2.09 333 .0373* 
 

24 PB – B 31.4 5.65 324 < .0001* 
 

 PB – C 11.4 2.05 324 .0413* 
 

 
SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SM=summer; T=T-test; 
P=P-value; DF= degree of freedom; C=control; B=burn; PB=pre-burn; *=significant at P< .05 
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Table 14. Selected soil chemical properties for site 11 in control, pre-burn, burn by year, 
seasons 
 

 % g/cm3  %   Extractable Buffer 

Sample 
HM W/V CEC BS P-I pH K-I Ca% Mg% Acidity 

At 0-2cm   
 

SP0B 1.2 0.6 8.8 51.0 33.5 5.4 79.5 38.5 8.0 4.3 
           

SP1B 1.1 0.8 6.8 48.5 20.5 5.2 66.0 36.0 8.5 3.5 
           

SP0PB 1.2 0.8 6.3 38.5 17.0 5.0 58.0 27.5 7.0 3.8 

SP1C 
 

1.3 
 

0.9 
 

8.0 
 

41.5 
 

22.5 
 

4.7 
 

61.0 
 

28.0 
 

9.5 
 

4.7 
 

SM0B 
 

1.3 
 

0.7 
 

7.6 
 

32.0 
 

17.0 
 

4.7 
 

44.0 
 

23.5 
 

6.0 
 

5.2 
           

SM1B 1.3 0.8 7.5 35.0 19.0 4.7 49.5 25.0 6.5 4.9 
At 3-6cm 

 

SP0C 
1.0 1.1 4.6 30.0 21.5 4.5 38.0 18.5 8.0 3.2 

SP0B 1.0 1.1 5.6 30.5 5.0 4.9 38.5 19.0 6.0 2.6 
           

SP1C 1.1 1.1 4.1 32.5 10.5 5.0 35.0 18.5 10.5 2.8 
           

SP1B 1.0 1.1 3.8 28.0 3.5 4.8 37.5 17.0 6.0 2.8 
           

SP0PB 0.7 1.1 4.0 32.5 3.0 4.9 37.0 20.5 8.0 2.7 
           

SM0B 0.9 1.1 4.4 30.5 4.0 4.8 30.5 21.5 7.0 2.9 
           

SM1C 0.9 1.1 4.4 25.0 5.0 4.6 35.0 15.0 7.0 3.3 
           

SM1B 0.7 1.1 3.6 23.5 2.5 4.8 27.5 13.0 6.0 2.7 
 

SP=spring; SM=summer; 0=year 2000; 1=year 2001; C=control; B=burn; P=pre-burn; 
HM%=percent humic matter; w/v=weight per volume of soil; CEC=Cation Exchange Capacity; 
%BS=ercent of CEC occupied by bases; Ac=Acidity (decreases as pH increases); pH=current 
soil pH; P-I=Phosphorus-Index; K-I=Potassium-Index; Ca%=percent of CEC occupied by Ca; 
Mg%=percent of CEC occupied by Mg; 0-2cm and 3-6cm refer to soil depths 
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Table 15. Selected soil micronutrient properties of site 11 in 
control, pre-burn, burn by year and seasons. 

 
SAMPLE Mn-I Zn-I Zn-AI Cu-I S-I Na 

 
0-2cm 

SP0B 1005 126 126 35 88 0.1 
 

SP0P 613 80 80 29 75 0.1 
 

S0B 608 86 86 27 52 0.1 
 

SP1C 1092 123 123 38 89 0.1 
       

SP1B 810 101 101 32 86 0.05 
 

SM1C 388 113 113 41 83 0.1 
 

SM1B 624 96 96 28 55 0 
3-6cm 

 

SP0C 
587 49 49.5 36 75 0.1 

SP1B 260 29 29 20 59 0 
       

S0B 433 44 44 22 65 0.1 
       

SP0B 277 42.5 42 27 57 0.05 
       

SP1C 823 47 47 41 77 0 
       

SM1B 250 38 38 20 64 0 
       

SM1C 317 56 56 30 74 0 
       

SPOPB 397 36 36 27 60 0.1 
 

SP0C 587 49 49 36 75 0.1 
       

 
SITE#11=annually-burned site; SP=spring; SM=summer; 
0=year 2000; 1=year 2001; C=control; B=burn; PB=pre-burn; 
Mn-I=Manganese-Index; Zn-I=Zinc-Index; Cu-I=Copper-Index; 
S-I=Sulfur-Index, Na=Sodium; 0-2cm and 3-6cm refer to soil 
depths 
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Table 16. Selected soil chemical properties for site 24 in control, pre-burn, burn 
by year and seasons. 

 % g/cm3 Effective %   Extractable 

Sample 
HM W/V CEC BS P-I pH K-I Ca% Mg% Acidity 

SPB0 
 

0.7 
 

0.9 
 

7.7 
 

55.0 
 

13.0 
 

5.2 
 

74.0 
 

37.0 
 

13.0 
 

3.5 
 

SPPB0 0.4 1.1 4.8 54.0 5.0 5.0 48.0 31.0 18.0 2.2 
 

SM0B 0.7 0.9 7.8 55.0 10.0 4.9 58.0 37.0 13.0 3.5 
 

SP1C 0.8 0.8 9.8 68.0 23.0 5.3 76.0 48.0 16.0 3.1 
 

SP1B 0.7 0.7 9.8 51.0 26.0 4.6 73.0 34.0 13.0 4.8 
 

SM1C 0.7 0.9 11.3 76.0 7.0 5.1 85.0 52.0 20.0 2.7 
 

SM1B 0.6 1.0 7.1 54.0 4.0 4.8 62.0 36.0 13.0 3.3 
           

SP=spring; SM=summer; 0=year 2000; 1=year 2001; %HM=percent humic matter; w/v=weight 
per volume of soil; CEC=Cation exchange capacity; %BS=percent of CEC occupied by bases; 
Ac=Acidity (decreases as pH increases); pH=current soil pH; P-I=Phosphorus index; K-I = 
Potassium-Index; Ca%=percent of CEC occupied by Ca; Mg%=percent of CEC occupied by Mg 

 
Table 17. Selected soil micronutrient properties of site 24, in 
control, pre-burn, burn by year and seasons. 

 
SAMPLE Mn-I Zn-I Zn-AI Cu-I S-I Na 

 

SPB0 
 

843 
 

105 
 

105 
 

37 
 

68 
 

0 
SPPB0 261 54 54 43 62 0 

       
SM0B 698 108 108 50 66 0.1 

       
SP1C 853 266 266 61 67 0.05 

       
SP1B 851 171 171 60 51 0 

       
SM1C 617 216 216 112 81 0 

       
SM1B 681 83 83 41 62 0 

Site 24=seven-year burned site; SP=spring; SM=summer; 0=year 2000; 
1=year 2001; Mn-I=Manganese-Index; Zn-I=Zinc-Index; Zn-I=Zinc 
Availability-Index; Cu-I=Copper- Index; S-I=Sulfur-Index, Na=Sodium 
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Table 18. Percent Soil Moisture Table 

 SEASONS 

 YEAR 2000 YEAR 2001 

Sample types Spring Summer Spring Summer 

C11 * * 17.3% * 

PB11 20.9% * *  

 
February 22 

Site 11 

burning 

 March 10 

Site 11 

burning 

* 

B11 26.7% * 37.8% * 

 February 27 

Site 24 

burning 

 Site 24 

No burning 

 

C24 * * 20% 1-2cm 

6.5% 

3-6cm 

11% 

PB24 25.8% * *  

B24 30.3% * * 1-2cm 

16.8% 

3-6cm 

17.5% 

C=control; PB=pre=burn; B= burn, 11= annually burned site; 24= seven-year burned site; 
*=soil samples not collected 
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Table 19. Comparing percent root colonization study by sites 11 and 24  
 

Year Season Type Schenck 
11 (%) 

Schenck 
24 (%) 

(11) – (24) 
(%) 

T DF P 
 

PB 52.5 48.4 4.1 .52 78 .6043 
 

C 42.1 37.0 5.1 .87 78 .3887 
 

SP 
 

SP 
 

SP B 47.2 17.0 30.2 5.27 78 < .0001*
 

C 40.2 54.6 -14.4 -2.12 78 .0375* 
 

2000 

SM 
 

SM B 37.4 36.6 .8 .13 78 .8938 
 

C 38.5 35.2 3.2 .60 78 .5493 
 

SP 
 

SP B 37.2 22.8 14.5 3.19 78 .0021* 
 

C 33.8 61.6 -27.9 -4.19 78 < .0001*
 

2001 

SM 
 

SM B 25.6 34.1 -8.5 -1.28 88 .2039 
 

OVERALL 39.0 38.6 .4 .20 728 .8454 
 

 

Table 20. shows the mean colonization percentage for each combination at each site, and the difference in means between sites, for each 
combination, in addition to the t-test results. SITE#11=annually burned; SITE #24=seven-year burned; SP=spring; SM=summer; T=T-test; 
 P= P-value; DF= degrees of freedom; C=control; B=burn; PB=pre-burn; *=significant at P< .05 
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CHAPTER III 

The Effects of Pile Burning Intensity on AM fungal Spore Abundance, AM 

species variety and Percent Root Colonization at James 

Goodwin Forest, Carthage, NC. 

ABSTRACT 

Pile burning was undertaken on three piles of about 40m2 size, in a 1169-acre of 

predominantly loblolly pine Pinus taeda L. stand at James Goodwin Forest, near 

Carthage, Moore County, NC. Two greenhouse experiments were performed to 

determine the effects of fire intensity of the slash pile burning (343oC- 371oC and 

>470oC), at two depths (0-2cm and 3-6cm), by year and season on AM fungal 

spore abundance, AM species variety, and AM percent root colonization of Sudan 

grass Sorghum Sudanese L. The first controlled pile burning was carried out on 

August 19, 2000. The second one occurred on May 19, 2002; the study took the 

opportunity offered by a lightening ignited wildfire of high intensity to burn the 

remaining fuel on the piles.  Four soil samples of about 150g, respectively at 0-

2cm and 3-6cm depths were randomly collected from each pile in summer 2000 

and 2002 prior to and one week following the fire in 2000, two months after the 

burning in 2002, and from the unburned control. Soils were air-dried at room 

temperature (23oC) and stored at 4oC before spore extraction, counting, 

identification and assessment of AM percent root colonization from bioassay plant 

culture. Higher spore number and species variety were observed in the lower pile 

burning of 2000 than in the wildfire lit-pile burning of 2002 for the burn samples 
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at both depths though significance is seldom present for spores at 3-6cm. The 

control samples had similar non-significant higher spore number and AM species 

variety in 2000 than in 2002 at 0-2cm but fewer at 3-6cm depths. Percent AM 

fungal colonization levels were higher on burned sites 2 months after the fire than 

on the unburned sites. The AM fungal spore densities were lower on the burned 

sites than at the unburned sites during the year of the burn. Preferential vertical 

distribution at 3-6cm depths was detected with high intensity pile burning type in 

2002. The level of significance of AM percent root colonization at different piles 

changes with the fire treatment types. The response of AM root colonization to 

disturbance is very significantly site specific. The percent root colonization in pre-

burn and burn are not statistically different when sites submitted with fire 

disturbance and additional mild erosion at the same time. Fire disturbance 

coupled with mild soil surface erosion induce a highly significant difference in AM 

percent colonization between the control and the disturbed sites pre-burn and 

burn. Fire disturbance significantly affected AM root colonization by depth 

compared with unburned sites. 
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INTRODUCTION 

Pile burning is a controlled burning widely practiced to reduce unwanted 

slash and woods in a mono or mixed stand. Increase of soil heating on the 

uppermost layer is characteristic of pile burning. Van Wagner (1970) reported 

that exchange of radiation and short-term effects of burning on the surface layer 

could dramatically put microorganisms above their critical threshold of 

temperature sensitivity. Raney (1965) stated that each microorganism could not 

properly grow, metabolize and perform its function beyond its specific 

temperature optima. Klopatek et al. (1988) found a strong correlation between 

high soil temperature and subsequent decrease in AM root colonization of plant 

bioassays. Wicklow-Howard (1989) also reported a 50% decrease in infection by 

vesicular-arbuscular mycorrhizae grown in soil from a burned site than from an 

unburned site. Bowen and Theodorou (1973) reported that temperature directly 

affects root colonization by mycorrhizal fungi. However, critical threshold for AM 

fungal temperature sensitivity has not been proven (Giardina, 2000). Hulbert, 

(1988), Knappe and Seastedt (1986) argued that the major effects of fire are 

primarily caused by the removal of litter and the associated microclimate changes, 

rather than from a direct heat or fire-induced micronutrient changes.  

The objective of the study was to assess the effects of pile burning types 

on spore abundance, species variety and percent root colonization of AM fungi 

from the burning sites, by soil depth (0-2cm and 3-6cm depth), by year, by 



 81
 

burning treatments (pre--burn, post-burn). The following assumptions were 

established: 

• Higher fire intensity and more fuel result in a decrease of spore 

numbers, species variety and percent root colonization in P1, P2, P3  

• There are fewer spores and less species variety at the 3-6cm depth 

compared to the top 0-2cm depth for control and pre-burn  

• There are more spore and more species variety at the 3-6cm depth 

for post-burn samples compared to 0-2cm depth samples 

• There are more spore and species variety in control versus pre-

burn, control versus post-burn, pre-burn versus post-burn at two 

depths. 

                  MATERIALS AND METHODS 

Site History 

The James Goodwin Forest is located near Carthage in Moore County, NC. 

The site is a middle portion of a total 1169 acres of predominantly loblolly pine 

Pinus taeda L. stand. In 2000, the pile burning was conducted on July 19 as a site 

preparation for a broadcast prescribed burning to reduce fuel loads. In 2002, two 

growing seasons after the first pile burning; the study took the opportunity 

offered by a wildfire that ravaged the site on May 19, 2002, and burned about 25 

acres of the previously burned site including the three experimental pile sites.  

The soils of the experimental sites are in the Mooshaunee series and 

consist of moderately well drained, moderately slowly permeable soils 
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representing Piedmont uplands (USDA, 1995).  It occurs on the same landform 

with 2-8% slopes and has similar patterns of soil development. The soils are 

classified as Mooshaunee-Hallison complex. The uppermost layer 0-7.63cm is 

yellowish brown (10YR 5/4) silt loam; weak medium granular structure; friable 

with common medium roots; very strongly acid with abrupt smooth boundary 

layer. Chemical properties of these pile sites are summarized in Table 4, and the 

soil moisture content in Table 5. 

Soil collection and pile burning 

Four soil samples, about 150g, respectively from 0-2cm and 3-6cm depths, were 

randomly collected in summer 2000 and 2002 from three different piles (P1, P2 

and P3). Samples included control, pre-burn, post-burn for year 2000; and 

control, post-burn for year 2002. In 2000, pre-burned and unburned control 

samples were collected on July 14, 2000; the post-burned were collected on July 

23, 2000. In 2002, post-burned samples and unburned control were collected on 

July 20, 2002; about two months following the fire. The burn samples were taken 

at newly chosen sample-points within the piles; not necessarily at the very same 

locations as the pre-burn samples, the year 2002 samples were taken at newly 

chosen sample-points within the same piles of 2000, the 3-6cm samples were 

also taken at the same locations as the top 0-2cm samples. The pile burning of 

2000 consisted of about 10 logs of slashed pine and hardwood trees and 

branches with a height of 1-1.5M from the ground; the fire was contained. The 

average burning temperature for the three piles was 354oC (343oC -371oC). It 
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could be classified as a medium intensity fire according to the fire classification of 

Ulery and Graham (1993).  Fire on Pile 1 and Pile 3 completely consumed the 

organic material (grasses and seedlings, duffs and litters), and left an exposed 

blackened mineral soil on 1/3 of the site, fire on pile 2 might be classified as a 

medium high intensity fire since reddened mineral soil topped with white ashes 

were exposed on 1/3 of the site. The fire destroyed the vegetation cover down to 

the roots. The pile burning in 2002 consisted of the remaining logs that did not 

burn in 2000; including about 2-3 logs of pine and hardwood trees on pile 1 and 

pile 3, and 1 big log on pile 2, it also consisted of combustible debris and shrubs, 

1 year-old seedlings and any standing pines that created ladder fire. The pile 

temperature in the 2002 wildfire was >470oC, which is higher than the 2000 pile 

fire intensity and can be classified as a high intensity fire (Ulery and Graham, 

1993). 

Wet-sieving and Spore extraction  

Spore extraction was performed according to the method elaborated by 

Gerdemann and Nicolson (1963). All soil samples were air-dried at room 

temperature (23oC) then stored at 4oC before wet-sieving and spore extraction. A 

mass of one hundred grams (100g) soils was vigorously mixed in 1000mL of 

water to free spores from soil, and allowed to sit for 15-30s to allow heavier 

particles to settle. The supernatant was decanted through standard sieves 

(500µm down to 46µm). The sieving was transferred to 50mL centrifuge tubes 

with a steady stream of water from a wash bottle and, opposing tubes were 
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balanced. The soil particles were suspended in chilled, 1.17M sucrose (200.24 g 

weighed into about 200 water, was dissolved by stirring and heating then brought 

to 500L volume), the contents were mixed with a spatula and were immediately 

centrifuged at 3500 RPM in a swinging bucket rotor for 1.5mn, allowing the 

centrifuge to stop without braking. The suspension was carefully extracted with a 

syringe and poured through a small-mesh sieve (41µm), the spores held on the 

sieve were carefully rinsed with tap water and, with a plastic wash bottle, washed 

onto a Petri dish placed on a gridded filter paper with 10 representative squares 

spaced 10mm apart. Viable AM spores were counted from the grids and multiplied 

by 5.67 total estimated numbers of spores per 100g of soil.  

  Clearing and staining of roots 

Clearing and staining of roots were performed according to the procedure 

developed by Phillips and Hayman (1970) with some modifications. At harvest, 

roots were washed with tap water to remove soil particles and charcoal pieces 

that adhered to the root tissues. Fragments of fine feeder roots of about 1.5 cm 

were cut from the lower and upper parts of the roots to fit into small beakers 

used for clearing and staining. Sample roots were cleared with heated 10% KOH 

(90oC) solution by immersion for 3 minutes, rinsed with tap water three times, 

and transferred into beakers with 3% H202 solution for 3 minutes to complete 

bleaching of heavy pigmented roots. The softer clearer roots were re-rinsed at 

least three times to remove all H202, and transferred to heated 1%HCl beaker 

solution for acidification. Staining of roots was complete by final immersion with 
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heated Direct Blue stain. The stained root pieces were destained with 1:1 lactic 

acid and cold water for compound microscope examination at 40X.  

Percent root colonization 

The determination of AM percent root colonization of Sudan grass roots 

was processed according to a modified systematic slide length method developed 

by Giovannetti and Mosse (1980). The method allowed determination of both the 

intensity and the qualitative presence or absence of conolization. Ten stained root 

fragments per root sample were mounted on a microscope slide; ten fields for 

each of ten 1.5cm root pieces were examined and tallied for percent of root 

colonized under 40X magnification with a compound microscope, for a total of 

100 fields per plant. Percent root colonization was assessed based on three 

classifications: class 1:0%; no AM hyphal structures, nor vesicles, nor arbuscules 

were detected, class 2: 5%; only 1 side of the root in the field is colonized and 

the hyphal structure does not cover the entire part of root section in the 

microscope field, class 3: 10%; the entire field is covered with AM structures, the 

degree of colonization is highest at this level. All AM structures such as vesicles, 

arbuscules, hyphae were counted for presence of colonization. A root segment 

scores 100% colonization when all its ten fields respectively score 10%. 

Spore identification 

Arbuscular mycorrhizal fungal spores were identified to the genus level 

based on the staining intensity reaction of the spore subcellular structures (spore 

wall layers, flexible inner walls) to the Polyvinyl-Lacto-Glycerol (PVLG) and mixed 
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Melzer: Polyvinyl-Lacto-Glycerol reagents (Appendix Table 2, Chapter II) as 

described by Joe Morton et al. (1992) at the Institute of Vesicular-Arbuscular 

Mycorrhizae (INVAM) website. Glomus was recognized by the thickness of its 

adherent spore walls that appear to be a single layer of 1 to 4 sub-layers. It has a 

straight subtending hypha. Scuttelospora was identified by the existence of two 

predominant permanent layers with very distinguishable bulbous and lobed 

hyphal attachment. Acaulospora was recognized by the presence of three distinct 

layers, it also has a soporiferous saccule that would eventually degenerate. 

Gigaspora was immediately recognized by its unique large size (>200µm), and 

the presence of bulbous sporogenous hyphal attachment. It lacks flexible inner 

wall, the outer and laminate spore wall layers have smooth surfaces. 

Entrophosphora was identified by the presence of two predominant layers, lacking 

a third inner layer as often detected in Acaulospora, it also has a very distinct 

transparent soporiferous saccule, which is larger than the actual spore, and leave 

a cicatrix on the spore wall surface when degenerated. AM spores are all asexual 

spores. Asexual spores are formed by a simple budding of a vegetative part of a 

hyphal structure. AM spores come into different shapes including: subglobose, 

ovoid, elliptical, irregular, oblong shapes. They can also have smooth, rough, oily, 

hairy surface. AM spores are supposedly large size ranging from 40µm up to 

>200µm. Immature and mature AM spores vary in color from lighter (young) to 

darker color (mature) but rarely vary in shape.  
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Soil chemical properties  

The soil laboratory analysis reported in Tables 3, 4 was conducted at the 

North Carolina Department of Agriculture, Agronomic Division, Soil-Testing 

Laboratory. The methods used are based on a method that uses a set of volume 

for measuring and calculating the nutrient content of soils (Mehlich, 1973; Tucker, 

1984). All soil sub-samples were analyzed using the Mehlich III extract which 

contains 0.2 N acetic acid, 0.25 N NH4NO3, 0.015 N NH4F, 0.013 N HNO3, and 

0.001 N EDTA (Mehlich, 1984) for the determination of phosphorus (P), potassium 

(K), calcium (Ca), magnesium (Mg), copper (Cu), and zinc (Zn).  Twenty ml 

(20mL) of Mehlich III extract was added to 2cm3 soil, shaken for 5 minutes, and 

immediately filtered through Whatman #2 filter paper.  Filtration is terminated at 

the end of 10 minutes.  Exchangeable K, Ca and Mg were measured by atomic 

absorption spectrophotometry (AAS). The available soil P concentration in the soil 

suspension was measured with the colorimetric method suggested by Murphy and 

Riley (1962). Micronutrients (Zn, Cu, Mn) were also determined with atomic 

absorption spectrophotometry.  

The content of soil acidity (H decreases as pH increases) for the 

determination of lime requirement was assessed with the Mehlich-buffer acidity 

method (Mehlich, 1976). Humic matter was measured by photometric 

determination (Mehlich, 1984). Soil pH value was measured in a 1:1 water 

dilution (soil volume: water volume) and a 1:2 dilution in a 0.01M CaCl2 solution 

(Soil survey Laboratory Staff, 1992; procedure 8C1f). The Cation Exchange 
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Capacity (CEC) was calculated as the sum of the extractable bases plus 

extractable acidity, expressed in cmol (+) kg-1 of oven-dry soil. The percentage 

base saturation (%BS) of was calculated by multiplying the sum of Extractable 

Bases by 100 and divided by the sum of extractable bases plus extractable 

acidity. Sulfur (SO4-S) assumed as water soluble was tested using barium 

chloride (BaCl2). Na+ was extracted with 1 M ammonium acetate, pH 7.0, and 

analyzed by Flame Atomic Absorption. The test required 2 g of prepared soil. 

The soil test values are reported as an index for P, K, Mn, Zn, and Cu. The 

Ca and Mg are reported as a percent of the cation exchange capacity (CEC), 

obtained by summation of acidity (Ac) and the quantity of K, Ca and Mg 

extracted. The critical quantitative value for each nutrient is assigned an index of 

25 which sets the scale for all nutrients reported as an index. Interpretation of 

such index is described in Appendix Table 1. The scale is used to judge nutrient 

supply and balance in the soil. The sufficiency of the micronutrients Mn, Zn and 

Cu are determined with the nutrient index. With P and K, the index serves to 

calculate the rates of P2O5 and K2O required for individual crops. The soil moisture 

content (by mass) as summarized in Table 5 was measured by gravimetric 

method (Reid, 1982).  

Statistical analysis 

Data were statistically analyzed using SAS software (SAS Institute, Inc., 

Cary, NC) to assess the effects of fire intensity on AM fungal spore abundance, 

species variety and percent root colonization. Four soil replicates respectively 
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from 0-2cm and 3-6cm depths, were randomly collected in summer 2000 and 

2002 from three experimental piles (P1, P2 and P3).  

In the spore abundance and species variety study, four variables were 

analyzed for each sample:  (1) the total number of spores (NSPORS); (2) the 

square root of NSPORS (RSPORS); (3) the number of different species (NSPECS): 

(4) the square root of NSPECS (RSPECS). The square roots were taken in order to 

stabilize the variances.  In this study, RSPORS is very much stabilized as 

compared with NSPORS, but RSPECS actually gives very little or no improvement 

over NSPECS.  The P-values used are based on t-tests with degrees of freedom 

given under “D.F”. The actual differences are given for NSPORS and NSPECS, but 

the P-values for RSPORS rather than NSPORS were used because of inequality of 

variance for NSPORS. The inequality of variance is about the same for NSPECS or 

RSPECS: the P-value was used for RSPECS in order to have a consistent rule 

across analyses. The P-value for NSPECS was used for easy comprehension.  

 In the root colonization study, all the P-values stated are two-sided.  In 

Table 7, 8, and 9 all the t-statistics have 396 degrees of freedom. In Table 10, 

they have 39 degrees of freedom.  Every comparison is either very highly 

significant or else it is not statistically significant at all; there are no borderline 

cases. 
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RESULTS AND DISCUSSIONS 

Spore abundance and species variety   

 The experiment for the pile burning in Goodwin Forest was to compare 

three piles (P1, P2, P3) to assess the similarity between these piles by year, by 

treatment (Control versus Burn, Pre-Burn versus Burn), and by depths 0-2cm and 

3-6cm. Pile differences were accounted and analyzed in this study due to pre-

burn relative spatial variation and fuel load differences between the piles. The 

results showed a definite consistent difference between piles for the pre-burn 

data at depth 0-2cm, with statistical significance at P = .0085 for RSPORS, .0104 

for NSPECS, and .0033 for RSPECS (but only .0894 for NSPORS). Otherwise there 

were no significant differences between piles, except borderline for the burn data 

in 2000 at depth 3-6cm (P= .0404) for NSPECS but .0577 for RSPECS.  

The results on species showed that a total of 42 different AM fungal 

species (Table 1) in 5 genera; Acaulospora, Scutellospora, Gigaspora, Sclerocystis 

and Glomus were identified in the pile sites. The predominance of Scutellospora 

and Acaulospora in this acidic environment is in line with what Johnson et 

al.(1987) reported from their study AM fungal species distribution in sand dune 

environment, although Glomus is also present in most of the study samples. 

 The assessment of the effects of the two fire intensities in the two pile-

burning events required a comparison between year 2000 and 2002 for four 

combinations:  burn and control at depths 0-2cm and 3-6cm (Table 6). The year 

2000 and year 2002 represented the two different pile burning types with 
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different intensity. Taking account of the vertical distribution of AM fungal 

propagules was important to assess the soil heating effects of pile burning on AM 

fungi distributed at different depths. However, previous study reported 

controversial preferential vertical distribution of AM fungal propagules in the soil 

layer. Neville et al. (2002) reported a significant lower AM propagules and total 

AM colonization in the top 0-5 cm of the soil than in the 5-10cm and > 10cm 

depths, whereas Griffith et al. (unpublished) contrarily reported a decrease in AM 

colonization with depth in their study with Mesquite Prosopis glandulosa roots in 

Apacherian Savannah.  

For this assessment, the results revealed that there were more spores and 

more species in 2000 than in 2002 for the burn samples at both depths though 

significance is seldom present for spores at 3-6cm. Higher spore numbers and 

species varieties were detected in 2000 than in 2002 at 0-2cm but fewer except 

at 3-6cm for the control samples, but none of these differences were statistically 

significant (two-sided P-values). The results are consistent with the set 

hypotheses that higher intensity pile burning would decrease spore numbers and 

species at the top 0-2cm. The high temperature 2002 wildfires (>470oC) is 

demonstrated to induce more damage to the AM fungi than the medium intensity 

(343oC-371oC) controlled pile burning of 2000. Parr (1968) commented that 

radical changes in soil temperatures, particularly when associated with residue 

removal or burning engender radical changes in microbial populations. 
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The fire treatment types (control, pre-burn, and burn) were also analyzed 

per year. The analyses compared differences between treatment types at two 

depths per year, and also compared the differences between the top 0-2cm to 3-

6cm depths for each treatment types per year, based on respective previously 

stated assumptions.  

The results revealed that for both years and at both depths with the 

exception of the 3-6cm depths in 2000, the differences agreed with the 

assumption that the control would have significantly more spores and more 

species than pre-burn and burn, and pre-burn more than burn on the top 0-2cm 

depths and 3-6cm depths (Table 7, 8).  

The exception observed at 3-6cm depths in 2000 (Table 9) is particularly 

addressed in this discussion. First, it has been frequently reported that unburned 

sites sustain more AM propagules due to the profusion of organic matter and leaf 

litters that cover the unburned and undisturbed surface soil, where AM fungal 

propagules attach their hyphal networks and develop spores within the root 

rhizospheres. Higher levels of organic matter on unburned soils were reported to 

promote mycorrhizal development (Rubtov, 1964), removal of that topsoil and 

litter and duffs will eventually decrease AM propagules (Janos, 1984, Daft and 

Nicholson, 1974). The higher species variety and spore abundance in control 

compared with pre-burn and burn at 0-2cm is in line with that suggestion. 

However, in 2000, there might be an associated reason to explain the fact 

that the pre-burn and burn have more spores and species (burn only) than 
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control at the 3-6cm depths, despite the dissimilarity in regards to different 

environmental and edaphic factors reported to favor mycorrhizal proliferation: the 

pre-burn did not receive any fire treatments; the chemical concentration is lower 

in pre-burn (Table 3), which would favor AM fungal development, the soil 

moisture is higher in pre-burn (Table 5) compared to burn. One tends to attribute 

the phenomenon to an opportunistic development of the AM propagules lower at 

the 3-6cm depths when the propagules from the top soil were forced to disperse 

with soil surface disturbance or destroyed and lost to fire (burn). Trappe and 

Luoma (1992) reported that AM spores only disperse by movement of soil. This 

phenomenon could be carried on from the pre-burn to the burn. 

The predominance of species variety and spore abundance as compared to burn 

and pre-burn in this experiment is explained by some environmental factors in the 

control which would promote AM fungi more than in pre-burn and burn especially 

at the 0-2cm. The unburned control 2000 had higher soil moisture (26.5%) than 

burned (21%) and pre-burn (24.1%) (Table 5), which is consistent with what was 

reported by Keltin (1957) and Anderson (1965) in regards to the strong 

correlation with moisture changes and AM fungal development. In addition, the 

surface erosion on pre-burn might have decreased the species and spore 

numbers on the top 0-2cm soil less than the control.  

The decrease of AM propagules lost to fire in the burn, higher soil fertility in the 

burn soil might have suppressed the fire surviving AM fungi; the P-Index (P-I) in 

the burn has dramatically increased (Table 3) compared with the control, which 
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might explain an inhibitory affect on AM spores (Khaliq and Sanders, 1998; Fay et 

al., 1996) that disfavor AM fungal species variety and spore abundance in 2000.  

The results also revealed that when averaged over the two depths, control had 

more spores and more species than burn, and more spores but fewer species 

than pre-burn.  Some of these differences were statistically significant and some 

not. The lower species number in the pre-burn might be a sole difference of 

residing AM propagules within those two unburned sites. The vegetation cover in 

both sites might not associate with AM species at the same degree and therefore, 

influence the species variety.  

 The difference at 0-2cm and 3-6cm depths were also assessed per year for 

each individual treatment type (control, pre-burn and burn). The results did not 

agree very well with the expectation that there will be more spores at the 0-2cm 

depth for control and pre-burn, but less at 0-2cm and more at 3-6cm for burn. 

In fact, for pre-burn, contrarily to the expectation, there were more spores 

and species at 3-6cm compared with the 0-2cm depths in 2000. For control, there 

were indeed more spores and species at 0-2cm in 2000 at a significant level, but 

in 2002 there were more different species at the greater depth. Significance was 

not present in any case. 

For the pre-burn, the phenomenon might be explained by the pre-fire soil 

disturbance from soil mild compaction and racking of bulldozer in 2000, which 

might have pre-destroyed and dispersed the spore propagules at 0-2 cm depth.  
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Reeves et al. (1979) reported a dramatic decrease of AM fungal propagules in 

Artemesia community in Colorado after severe soil disturbance and from erosion.  

For the unexpected result in control 2002, the comparison between the 

mean spores and mean species at 3-6cm depths revealed an increase of 9.5 

spores in 2002 compared with 5.8 spores in 2000 at 3-6cm depths. The higher 

non-significant spore numbers at the 3-6cm depth might be attributed to a 

preferential vertical distribution of the specific spores at the rhizosphere of the 

host plants where the samples were obtained, which are not necessarily the same 

location under the plant from which the samples were collected in 2000. 

Controversial preferential distribution of spores had been observed depending on 

the species (Neville et al., 2002 and Griffith et al., 1994). One might also explain 

that the higher number of control at 3-6cm in 2002 compared with 2000 is due to 

seasonal effect of the particular AM species at the time of sample collection in 

July 2002 and August 2000.  

In line with the prediction, the burn had more spores and species at 3-6cm 

in 2000, and the same for species in 2002, but more spores at 0-2cm, though 

significance was seldom present. The higher spore numbers at the topsoil layer in 

2002 might be attributed to the tremendous grass species that have re-sprouted 

on the piles, about 2 months after the wildfire event at the time of the soil 

collection. In pile 1, the P-I was low enough (Table 3) to have induced high level 

of AM fungal activity. The description of the analysis is summarized in Table 10. 
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The actual mean numbers of spores and species for the various depth-year-type 

combinations are described in Table 11. 

Root colonization 

The effects of soil disturbance such as fire on root colonization, spore 

abundance and species variety are independently investigated in most studies 

(Bellgard, 1994, Klopatek, 1988). The responses to disturbances are not 

necessarily similar between the AM structure variables. For example, tillage 

significantly reduced total hypha density and spore density at 0-5 cm depth, but 

did not affect root colonization (Kabir, 1998). Root colonization is related to the 

host plants, the infectivity of the AM fungal root, and optimum edaphic factors 

favoring the growth of the AM fungal hyphal strands inside the root cortical cells. 

Arbuscular mycorrhizal colonization starts with primary infection by propagules in 

soil. These colonies spread within the root and extaradical runner hyphae initiate 

secondary colonies elsewhere in the root system. (Wilson and Tommerup, 1992). 

The extent of root colonization is correlated with the abundance of propagules 

within the soil system (Nehl, et al., 1998). In this study, the percent root 

colonization was assessed based on treatment types, year, and depths (0-2cm; 3-

6cm).  

The results revealed that in 2000, the pre-burn percentages were low 

(22%, 39%, and 44% for Piles 1, 2, and 3, respectively); for burn the 

percentages for piles 1 and 2 rose moderately to 42% and 48%, respectively, but 

that for Pile 3 fell to only 8% (21 out of 40 were 0%, and only one sample 
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exceeded 35%). The lower percent colonization in pre-burn compared to burn 

was detected by Bellgard (1994) in the study of the impact of wildfire on AM 

fungi. The detected higher percent colonization in burned soil than in unburned is 

inconsistent with what Wicklow-Howard (1989) reported about the 50% decrease 

of AM infection on soils that had been burned. It also disagrees with the 

consensus that burning causes a reduction in AM root colonization and soil 

propagule levels, especially in the short term (Tory et al., 1998). The percent 

colonization is surprisingly higher given the dramatic increase of the soil 

macronutrient level after the fire (Table 3) that was reported to have an inhibitory 

affect on AM fungal growth (Khaliq and Sanders, 2000). In general, mycorrhizal 

formation is enhanced by a mild deficiency of mineral nutrients (Hesterberg and 

Jurgensen, 1972). It was also reported by Hatch (1937) that a deficiency of 

nitrogen, phosphorus, potassium, or calcium stimulated mycorrhizal development.  

The control average was higher than any other, at 72%.  This result is in 

line with what has been reported in literature (Klopatek, 1988; Dhillion, 1993). 

In 2002 all the percentages rose dramatically, to 58% 72%, and 75% for 

Piles 1, 2, and 3 respectively, at 3-6cm depths, and above 92% at 0-2cm depth; 

the control averages were above 94% for both depths. These results are in line 

with the consensus that AM fungi are mostly abundant at lower soil infertility 

(Khaliq and Sanders, 2000). In fact, the level of K, Ca, Mg and P dramatically 

decreased after the high wildfire of 2002 especially Pile 2(Table 3). However, the 

fire unexpectedly decreased pH values contrary to what Kutiel and Shaviv (1989) 
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reported. Marion et al. (1991) on the other hand, reported a decrease of Ca, Mg 

and K at high intensity fires.  

 For pre-burn, Piles 2 and 3 are both significantly different from Pile 1 (t = 

4.31 and t = 5.61, both with P < .0001), but Piles 2 and 3 are not significantly 

different from each other (t = 1.30, P = .1953).  For Burn, Piles 1 and 2 are both 

significantly different from Pile 3 (t = 8.69 and t = 10.31, both with P < .0001), 

but Piles 1 and 2 are not significantly different from each other (t = 1.62, P = 

.1057). 

 The percent AM colonization of Sudan grass roots was also compared 

based on pile sites (P1, P2, P3) in 2002. At depth 0-2cm, the piles are not 

significantly different from each other.  At depth 3-6cm, however, Piles 2 and 3 

are both significantly different from Pile 1 (t = 2.95 with P = .0033 and t = 3.69 

with P = .0003), although Piles 2 and 3 are not significantly different from each 

other (t = 0.74, P = .4608). Since the piles are here represented by the AM 

colonization percentage of the propagules within each pile, one can say that the 

results clearly demonstrate the difference of responses of the AM propagules, as 

they are distributed in the different depths in the upper soil layer at different 

location. Each species of AM fungi has their own sporulation, colonization strategy 

depending on the nutritional factor, the plant host dependency, and the 

availability of nutrients.  

 Comparison of the different fire treatment types of the piles was 

undertaken in 2000 and 2002. The results showed in 2002 (Table 12) that the 
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control is significantly different from pre-burn and burn (averaged over the three 

piles): t = 12.04 and t = 12.74, with P < .0001 for both.  Burned sites have 

higher levels of nutrients available than unburned sites (Owensby and Wyrill, 

1973). The pre-burn and burn are not significantly different from each other (t = 

0.99, P = .3216). In 2002, at depth 0-2cm, control is not significantly different 

from burn (averaged over the three piles), but at depth 3-6cm the difference is 

significant (t = 7.33, P< .0001).  

The highly significant difference in AM percent colonization between the 

control (72.5%) and the disturbed sites pre-burn (21.9%-43.5%) and burn (8%-

47.8%) and the non-significance between the pre-burn and burn is explained by 

the extent of stress that both the pre-burn and burn were submitted to, which the 

control did not receive. In addition to the pile burning fire disturbance, which is 

investigated in this study, the pre-burn sites have received soil compaction and 

erosion from a bulldozer, racking the area in preparation of the pile burning fire 

event. In 2002, the lower layer (3-6cm) of the surface soil had not recovered 

from the prior stress in addition to the second pile burning in 2002, hence the 

high significance of AM colonization percentage between the control and burn at 

that lower depth (3-6cm) and not on the surface layer (0-2cm). On the other 

hand, the non-significance between the control and the burn in 2002 can be 

explained by the delay in post-fire soil collection; second pile burning was on May 

19, 2002 and post-fire samples were only collected on July 13, 2002. The 

remnants of the AM propagules which survived the pile burning fire in the surface 
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layer (0-2cm) took the opportunity offered by the post-fire higher levels of 

essential nutrients and the proliferation of root biomass of the first successive 

grass species that were abundant on the post-fire piles at the time of soil 

collection. The grass species that covered most of the burn site at the time of 

sampling dramatically stimulated the AM propagules on the site to germinate, 

develop, grow, sporulate, infect and colonize the roots. Very low soil acidity also 

causes a decrease in AM fungal root colonization as investigated by Hayman and 

Tavares, 1985.  

 The percent AM colonization of Sudan grass roots was also compared 

based on depths (0-2cm versus 3-6cm) in 2002. For each of the piles, the 

difference in average colonization percentage between the two depths is 

statistically significant (t = 7.87, t = 5.96, and t = 4.86, each with P < .001); but 

for control there is no significant difference between the depths (t = 1.17, P = 

.2482). The results obviously show that when physically disturbed (surface 

erosion, compaction) there is a trend of a difference of response by the AM 

propagules at different depths in the upper soil layer (0-6cm). In undisturbed 

sites however, the continuum of the intact hyphal networks was reported to 

induce sporulation and AM root colonization (Nehl et al., 1998). 
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Soil chemical properties 
 

The soil chemical properties are described in Tables 3 and 4. There was a 

high decrease (70.8%) in K-I between the 2000 burn and 2002 burned samples. 

The level of exchangeable nutrient dramatically decreased in burn 2002 compared 

to burn 2000 for %BS, P-I. The percent Ca and Mg only slightly decreased. The 

pH value was higher in burn 2000 (av. 4.5 in 2000 and av. 5.4 in 2002) compared 

to burn 2002. Average CEC in burn 2000 was 9.4 whereas in 2002 it was 7.6. The 

control in both years did not differ much except that the acidity was slightly lower 

(2.6>2.4) in 2000. The control in 2002 did not differ much from the burned pile 

sites. The CEC was in average higher in burn (7.6>5.3.) than in 2000. The 

percent BS was 5.3% less than in burn. The P-I was 9 times higher than the 

control for the average burn. The K-I was slightly more than in burn (35>33.3). 

The percent Mg was 16 times higher in burn than in the control in 2002. The soil 

moisture is described in Table 5. 

CONCLUSION 

A total of 42 different AM fungal species in 5 genera were identified in the 

piles at James Goodwin Forest. There are significantly more spores and more 

species in the burn pile sites of the medium intensity pile burning of 2000 

compared with the high intensity fire of 2002 at 0-2cm depths. The unburned 

control plot have more spores and more species than pre-burn and burn, and pre-

burn more than burn at top 0-2 cm in both pile burning treatment. Higher spore 

numbers were detected at 3-6cm depths for pre-burn in 2000. There was a 
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significantly higher level of spores on top 0-2cm depths but the AM spores and 

species variety were not killed at the burn site at 3-6cm depths. The high pile 

burning intensity of 2002 did not alter the AM propagules at 3-6cm depths. The 

level of significance of AM percent root colonization at different piles changes with 

the fire treatment types. The response of AM root colonization to disturbance is 

very significantly site specific. The percent root colonization in pre-burn and burn 

are not statistically different when sites submitted with fire disturbance and 

additional mild erosion at the same time. Fire disturbance coupled with mild soil 

surface erosion induce a highly significant difference in AM percent colonization 

between the control and the disturbed sites pre-burn and burn. Fire disturbance 

significantly affected AM root colonization by depth compared with unburned 

sites.                                               
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Fig.1 Map of James Goodwin Forest, Carthage, Moore County, NC. 
(College of Natural Resources, North Carolina State University) 
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        Fig.4  Root percent colonization study: Sudan grass seedlings in conetainers 
 

Fig.5   roots out of containers                         Fig.6  Sudangrass roots Fig.7 (below) Stained roots 
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Table 1. List of species from pile burning sites 
 

Species Number NUMSAMPS NUMSPORS 

 
Species 1 

3 170 

 
Species 2 

3 137 

 
Species 3 

14 119 

 
Species 4 

17 76 

 
Species 5 

24 74 

 
Species 6 

19 64 

 
Species 7 

14 59 

 
Species 8 

20 55 

 
Species 9 

11 53 

 
Species 10 

15 50 

 
Species 11 

7 42 

 
Species 12 

2 40 

 
Species 13 

15 39 

 
Species 14 

5 33 

 
Species 15 

10 27 

 
Species 16 

8 27 

 
Species 17 

12 26 

 
Species 18 

5 21 

 
Species 19 

5 15 

 
Species 20 

6 11 

 
Species 21 

7 10 

 
Species 22 

6 8 

 
Species 23 

4 6 

 
Species 24 

3 6 
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Species 25 3 5 

Species 26 3 5 

Species 27 2 4 

Species 28 2 4 

Species 29 3 3 

Species 30 3 3 

Species 31 2 3 

Species 32 2 2 

Species 33 2 2 

Species 34 2 1 

Species 35 15 1 

Species 36 1 1 

Species 37 1 1 

Species 38 1 1 

Species 39 1 1 

Species 40 1 1 

Species 41 1 1 

Species 42 1 1 

 
NUMSPORS=Number of spores; NUMSAMPS=Number of samples; for species 
description refer to Table 2.
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Table 2. Description of spores from Goodwin Forest  

Species 
Number 

Species Name Description 
(color, relative 

size) 
 
Species 1 Unknown 

 
medium brown 

 
Species 2 Glomus sp. 

 
small white 

 
Species 3 Paraglomus occultum 

 
small white 

 
Species 4 Glomus sp. 

 
white 

 
Species 5 Unknown 

 
yellow 

 
Species 6 Glomus fasciculatum-like 

 
small charcoal brown 

 
Species 7 Glomus sp. 

 
pinkish brown 

 
Species 8 Acaulospora sp. 

 
Big yellow 

 
Species 9 Glomus sp. 

 
small clear 

 
Species 10 Unknown brown 
 
Species 11 Glomus sp. 

 
pinkish 

 
Species 12 Scutellospora sp. 

 
medium 

 
Species 13 Unknown 

 
orange-brown 

 
Species 14 Acaulospora sp. 

 
yellow 

 
Species 15 Acaulospora sp. 

 
light yellow 

 
Species 16 Glomus sp. 

 
light yellow 

 
Species 17 Unknown 

 
clear light yellow 

 
Species 18 Unknown 

 
small brownish clear 

 
Species 19 Glomus sp. 

 
dark 

 
Species 20 Unknown 

 
golden white 

 
Species 21 Unknown 

 
small brown 

 
Species 22 Acaulospora sp. 

 
big white 

 
Species 23 Unknown 

 
light yellow 
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Species 24 Acaulospora sp. 

 
large brown 

 
Species 25 Unknown 

 
medium light yellow 

 
Species 26 Unknown 

 
dark brown 

 
Species 27 Acaulospora sp. 

 
dark 

 
Species 28 Unknwon 

 
medium yellow 

 
Species 29 Acaulospora sp. 

 
white 

 
Species 30 Unknwon 

 
red brown 

 
Species 31 Scutellospora sp. 

 
white 

 
Species 32 Glomus sp. 

 
clear 

 
Species 33 Unknown 

 
orange-yellow 

 
Species 34 Glomus sp. 

 
clear oily 

 
Species 35 Glomus sp. 

 
clear light yellow 

 
Species 36 Scutellospora sp. 

 
clear large yellow 

 
Species 37 Scutellospora sp. 

 
white clear large 

 
Species 38 Scutellospora sp. 

 
yellow 

 
Species 39 Unknown 

 
crystal white 

 
Species 40 Unknown 

 
light brown 

 
Species 41 Sclerocystis Sp. 

 
milky white 

 
Species 42 Unknown 

 
ornamented white 

Unknown=AM species that were not identified to Genus; size are 
relative: small=45µm-85µm; medium=86µm-140µm; 
large=141µm-280µm; very large=>280µm. 



 115
 

Table 3. Selected soil chemical properties for pile burning sites in control, pre-burn, burn by 
year, seasons 

 % g/cm3  %   Extractable Buffer 

Sample 
 

HM 
 

W/V 
 

CEC 
 

BS 
 

P-I
 

pH
 

K-I 
 

Ca% 
 

Mg% 
 

Acidity 
 

SMPB0P1 0.4 1.2 3.1 42.0 33.0 4.3 33.0 28.0 10.0 1.8 
 

SMPBOP2 0.7 1.0 6.9 25.0 5.0 4.2 32.0 14.0 8.0 5.2 
 

SMPBOP3 0.6 1.0 5.3 32.0 6.0 4.3 29.0 22.0 8.0 5.2 
 

SPB0P1 0.6 1.1 10.1 87.0 44.0 6.0 106.0 71.0 11.0 1.3 
 

SPBOP2 0.8 0.9 12.6 77.0 39.0 5.6 161.0 60.0 10.0 2.9 
 

SPBOP3 0.6 1.1 5.5 51.0 13.0 4.6 76.0 34.0 10.0 2.7 
 

SPB2P1 0.8 0.9 9.9 40.0 25.0 4.3 35.0 30.0 9.0 5.9 
 

SPB2P2 0.3 1.2 4.5 38.0 3.0 4.5 27.0 25.0 9.0 2.8 
 

SPB2P3 0.8 1.0 8.3 59.0 17.0 4.6 38.0 48.0 9.0 3.4 
 

SMC02 0.66 1.09 5.3 51 6 4.6 35 37 11 2.6 
 

SPC00 0.64 1.1 6.7 59 5.5 4.9 34 36 9.8 2.4 
 
SM=summer; SP=spring; 0=year 2000; 2=year 2002; P1, P2, P3=Pile burning 
sites1, 2 and 3 ; SM=summer; C=control; B=burn; PB=pre-burn; %HM=percent 
humic matter; w/v=weight per volume of soil; CEC= Cation Exchange Capacity; 
%BS=percent of CEC occupied by bases; Ac= Acidity (decreases as pH increases); 
pH=current soil pH; P-I=Phosphorus-Index; K-I=Potassium-Index; Ca%=percent of 
CEC occupied by ca; Mg%=percent of CEC occupied by Mg. 
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Table 4. Selected soil micronutrient properties pile burning sites in  
control, pre-burn, burn by year. 

 
SAMPLE Mn-I Zn-I Zn-AI Cu-I S-I Na 

 
 
SMPB0P1 

146.0 41.0 41.0 12.0 35.0 0.0 

 
SMPBOP2 

214.0 45.0 45.0 35.0 41.0 0.0 

 
SMPBOP3 

474.0 52.0 52.0 19.0 41.0 0.0 

 
SMB0P1 

300.0 85.0 85.0 21.0 96.0 0.1 

 
SMBOP2 

563.0 109.0 109.0 38.0 117.0 0.1 

 
SMBOP3 

184.0 51.0 51.0 28.0 56.0 0.0 

 
SMB2P1 

182.0 79.0 79.0 25.0 44.0 0.0 

 
SMB2P2 

130.0 33.0 33.0 15.0 43.0 0.1 

 
SMB2P3 

363.0 91.0 91.0 23.0 53.0 0.1 

 
SMC2 

999.0 112.0 112.0 26.0 41.0 0.0 

 
P1, P2, P3=Pile burning sites; SM=summer; 0=year 2000; 
2=year 2002; C=control; B=burn; PB=pre-burn; Mn-
I=Manganese-Index; Zn-I=Zinc-Index; Zn-I=Zinc Availability-
Index; Cu-I=Copper- Index; S-I=Sulfur-Index, Na=Sodium. 
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Table 5. Percent soil moisture at Goodwin Forest 
 

 2000 2002 
 

 0-2cm 3-6cm 0-2cm 3-6cm 
 

Site SUMMER BURNED 
 
 

SPRING BURNED 

P1 16.5% 
 

15.8% 14.4% * 

P2 12.6% 12% 10.4% 
 

11.1% 

P3 30.9% 10.8% * 
 

* 

 CONTROL 
 26.5% 

 
24.3% 21% 20.1% 

 
 PRE-BURNED 
 

P4 
 

24.1% 
 
* 
 

*= not available; P1, P2, P3=pile sites1, 2 and 3 
 

Table 6. Comparing pile burning by depth in 2000 and 2002 
 

 NSPORS RSPORS NSPECS RSPECS

 DEPTH D.F. Difference
(2002-2000) 

P-value P-value Difference P-value P-value 

Burn 
0-2cm 

3-6cm 

22 

22 

-0.33 

-9.42 

.8619 

.0365* 

.5429 

.0231 

-.42 

-.67 

.4491 

.2339 

.3436 

.2262 

Control 0-2cm 

3-6cm 

6 

6 

-48.25 

3.75 

.0892 

.5380 

.0748 

.6548 

-1 .75 

.25 

.3369 

.8005 

.3805 

.9415 

The difference were obtained by subtracting the NSPORS of 2000 from 2002 (see Table 11) 

NSPORS=number of spores; RSPORS=root square of spore numbers; NSPECS=number of 
species; RSPECS=root square of number of species; C=control; =pre-burn; B=burn; 
*=significant; 0-2cm and 3-6cm refer to soil depths; DF= degrees of freedom. 
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Table 7. Comparing fire treatments in 2000 and 2002 
 

 NSPORS RSPORS NSPECS RSPECS 

 YEAR DF Difference P-value P-value Difference P-value P-value 

C – B 

C – PB 

PB – B 

2000 

2000 

2000 

42 

42 

42 

27.62 

19.17 

8.46 

.0002* 

.0074* 

.0860 

.0009* 

.0265* 

.0811 

1.00 

-1.42 

2.42 

.2349 

.0951 

.0002* 

.2883 

.5249 

.0196* 

C – B 2002 24 

 

10.25 

 

.0019* .0031* .79 .2194 .2874 

The differences were obtained by subtracting by fire treatments types (see Table 11) 
NSPORS=number of spores; RSPORS=root square of spore numbers; NSPECS=number of 
species; RSPECS= square root of number of species; C=control; PB=pre-burn; B=burn; 
*=significant; DF=degrees of freedom. 
 

 

Table 8. Comparing fire treatments in 2000 and 2002 for 0-2cm depth only 
 

 NSPORS RSPORS NSPECS RSPECS 

 YEAR DF Difference P-value P-value Difference P-value P-value 

C – B 

C –PB 

PB – B 

2000 

2000 

2000 

21 

21 

21 

62.83 

54.67 

8.17 

<.0001* 

<.0001* 

.3162 

<.0001* 

<.0001* 

.2945 

1.92 

.58 

1.33 

.0966 

.6021 

.1018 

.1818 

.3093 

.6368 

C – B 2002 12 

 

14.92 .0077* .0098* .58 .5430 .6025 

NSPORS=number of spores; RSPORS=root square of spore numbers; NSPECS=number of 
species; RSPECS= square root of number of species; C=control; PB=pre-burn; B=burn; 
*=significant; DF=degrees of freedom.  
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Table 9. Comparing treatments in 2000 and 2002 for 3-6cm depth only 

 
 NSPORS RSPORS NSPECS RSPECS 

 YEAR DF Difference P-value P-value Difference P-value P-value 

C – B 

C –PB 

PB – B 

2000 

2000 

2000 

21 

21 

21 

-7.58 

-16.33 

8.75 

.3334 

.0449* 

.1211 

.3504 

.0612 

.1629 

.08 

-3.42 

3.50 

.9471 

.0119* 

.0007* 

.8659 

.0746 

.0087* 

C – B 2002 12 5.58 .1424 .1694 1.00 .2577 .2855 

 

NSPORS=number of spores; RSPORS=root square of spore numbers; NSPECS=number of 
species; RSPECS=root square of number of species; C=control; PB=pre-burn; B=burn; 
*=significant; DF=Degrees of freedom 

 
Table 10. Comparing treatments in 2000 and 2002 for C, PB and B (comparing depths) 

 
 NSPORS RSPORS NSPECS RSPECS

 YEAR DF Difference P-value P-value Difference P-value P-value 

C 

 

PB 

2000 

2002 

2000 

6 

6 

18 

-63.25 

-11.25 

7.75 

.0326* 

.2480 

.2085 

 

.0097* 

.2037 

.1258 

-1.50 

.50 

2.50 

.3202 

.7216 

.0311* 

.4607 

.6798 

.0349* 

B 2000 

2002 

18 

18 

7.17 

-1.92 

.0768 

2756 

.1183 

.4941 

.33 

.08 

.5134 

.8856 

.5447 

.7088 

 

NSPORS=number of spores; RSPORES= square root of spores; NSPECS=number of 
species; RSPECS=root square of number of species; C= control; PB=pre-burn; B=burn; 
difference is the average for 3-6cm minus the average for 0-2cm; *=significant; the P-
values shown are two-sided, so they can be halved when the differences are in the 
expected direction. 
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Table11. Actual mean numbers of spores and species  
for the various depth-year-type combinations 

 
DEPTH    YEAR TYPE NSPORS NSPECS 

    
0-2cm    2000 

 
Burn 6.2 2.6 

0-2cm    2000 
 

Control 69.0 4.5 

0-2cm    2000 
 

Pre 14.3 3.9 

0-2cm    2002 
 

Burn 5.8 2.2 

0-2cm    2002 
 

Control 20.8 2.8 

3-6cm    2000 
 

Burn 13.3 2.9 

3-6cm    2000 
 

Control 5.8 3.0 

3-6cm    2000 
 

Pre 22.1 6.4 

3-6cm    2002 
 

Burn 3.9 2.3 

3-6cm    2002 
 

Control 9.5 3.3 

 
NSPORS=number of pores; NSPECS=number of species/ 100g soil; 
0-2cm and 3-6cm refer to soil depths. 
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Table 12.  Mean colonization percentages 

 2000 2002 

 

 

PILE PB B 0-2cm 3-6cm 

 1 21.9% 41.5% 93.8% 57.6% 

 2 38.5% 47.8% 97.5% 71.6% 

 3 43.5% 8.0% 92.5% 75.1% 

 C 72.5% 94.5% 96.5% 

 

Table 12 summarizes the results of the percent root colonization study.  It shows the mean 
colonization percentage for each pile for pre-burn and burn in 2000, and at depths 1-2cm and 3-
6cm in 2002.  Each mean is based on 40 samples, 10 at each of 4 locations.  C= control, PB=pre-
burn; B=burn. 

  

  

 

 

 



 

CHAPTER IV 

CONCLUSIONS 

The effects of fire frequency on AM fungal spore abundance, species 

variety and percent root colonization at Schenck Forest 

The results observed at Shcenck Forest were generally in line with the 

predictions set at the introductory section of this study. Repeated fire was found 

to impact AM spore abundance though less affecting the species variety. The 

species were non-significantly affected though the spores significantly declined to 

repeated fire disturbance from the loss of the duff and organic matter that 

support most of AM spores; the seven-year burned site had higher number of 

spores overall. It is important to discover that the repeated fire did not actually 

kill the species. The species could survive the fire though at a non-significant 

number. In this case, prescribed fire is not possibly a direct danger to forest 

stands in terms of losing AM propagules; the temperature of the controlled 

prescribed burning at Schenck Forest was too low. The negligible effects of 

frequent burning on mean number of AM species illustrates the species’ tolerance 

of cool surface fire. This explanation, however, may not be acceptable for a 

similar neutral effect on AM species variety to fire in a different ecosystem; to 

ascertain the extensiveness of frequent cool prescribed burning fire as a non-

stress perturbation in terms of AM species variation will require the determination 

of individual species’ critical heat threshold at various fire intensity at different fire 

intervals over a longer period of time from various habitats and in association 
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with its host plant species. A longer period of study might also give adequate 

information on understanding the long-term responses of the AM fungi to fire.  

Effects of fire study based on individual AM species or the predominant 

species might also reveal some breakthrough information on understanding the 

general repeated fire effect phenomenon for better management of the pine 

stand. For example, the discovery of a uniform preferential spring sporulation at 

the site can help avoid drastic effects of prescribed burning on AM fungi in 

summer when the AM begin to germinate and propagules are low, or burn in the 

summer to kill more of the germinating AM spores so as to indirectly maximize 

the suppression of more AM-dependent hardwood seedlings that rely on AM 

symbiont for growth and establishment. This could be an alternative prescribed 

burning time at Shenck forest. Burning on dry soil is detrimental to AM species. 

The percent root colonization study revealed non-significant effects of 

repeated fire between the annually burned and the seven-year burned sites. To 

ascertain the extensiveness of the reduction of percent AM root colonization as 

affected by fire intensity and fire frequency will require assessing the effects of 

fire on each individual type of AM source of inoculum including the spores, 

mycelium, root fragments and hyphal networks (Smith and Read, 1996). This 

study tried to assess the fire effect on the spores, which though considered as 

having a very low viability in the field (Read et al. 1976), they still constitute as 

the major survival structure of AM fungi demonstrated to remain infective for long 

periods (Sieverding, 1991). The effect of soluble C and N, on AM spore 
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abundance would help understand more the phenomena because these are 

important for AM sporulation and can also limit the growth of heterotropic micro 

organism in soil (Mikola, 1973). A seasonal colonization pattern was also detected 

with regards to percent root colonization as AM species highly colonized the roots 

more in spring than summer. Undertaking a field bioassay to study the percent 

root colonization will give more insights in the real responses of AM fungi to 

colonize the native host plant species. It was reported that some species do not 

even establish in greenhouse pot-culture, which might bias the study. In addition, 

some spores remain dormant during pot-culture study. Likewise, preferential 

sporulation by selective species was observed in this study and previously 

reported by Bever (1996) and Koske et al.(1997). 

The effects on pile burning intensity at James Goodwin Forest 

Species of AM fungi persisted following two successive pile burning though 

the fire intensity could have dramatically reduced the AM fungi at high fire 

intensity, as suggested by Klopatek et al. (1988). However, it was observed that 

repeated higher fire intensity dramatically decreases the mean spore abundance 

and mean species variety in pile burning if compared to the cool surface burning 

at Schenk Forest. As a result, the effects of long-term high intensity pile burning 

in the field could deplete soil propagules and might affect the restoration of native 

AM dependent trees and forest vegetation.  Percent AM root colonization 

decreases with intensity of burn, which was in the first pile burning (2000). The 

effect of pile burning intensity on AM fungal propagules drastically carries from 

pile to pile in James Goodwin Forest. Micro-scale spatial variation is very 
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important in order to assess the specific effect of pile burning on AM fungi. In 

addition, each AM species has its own specific sporulation strategy, seasonal 

variation patterns, growth, nutrient allocations and require closer study of at least 

predominant AM species in the site. The level of significance of AM percent root 

colonization at different piles changes with the fire treatment types. The response 

of AM root colonization to fire disturbance is significantly site specific. The percent 

root colonization in pre-burn and burn are not statistically different when sites 

submitted with fire disturbance and additional mild erosion at the same time. Fire 

disturbance coupled with mild soil surface erosion induce a highly significant 

difference in AM percent colonization between the control and the disturbed sites 

pre-burn and burn. Fire disturbance significantly affected AM root colonization by 

depth compared with unburned. 

It is difficult to generalize about the effects of burning on arbuscular-

mycorrhiza or other microbial population because they depend on duration and 

intensity of fire as well as soil and other nutritional or environmental conditions to 

survive. A single-factor study might not cover the most important factor, which 

vary from habitats, host plant, AM associates and others. Greenhouse study 

should be coupled with field bioassays. Fire intensity is the best indicator of the 

effect of burning (Pritchett et al., 1979) but AM species can differently respond to 

fire intensity.  
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APPENDICES 

 
APPENDICES CHAPTER II 

 
Appendix Table 1. List of hardwood species at site #11 and site#24 at Schenck Forest 

 
Number Family name Common Name 

 
Species Name 

1 Aceraceae Red maple 
 

Acer rubrum L. 

2 Hamamelidaceae Sweetgum 
 

Liquidambar styraciflua L. 

3 Ebenaceae Persimmon 
 

Diospyros virginiana L. 

4 Platanaceae Sycamore 
 

Platanus occidentalis L. 

5 Juglandaceae Shagbark Hickory 
 

Carya ovata K. Koch 

6 Juglandaceae Mockernut 
Hickory 
 

Carya tomentosa Nutt. 

7 Juglandaceae Pignut Hickory 
 

Carya glabra L. 

8 Salicaceae Yellow Poplar 
 

Liridendron tulipifera L. 

9 Fagaceae Northern red Oak 
 

Quercus rubra L 

10 Fagaceae Southern Red Oak 
 

Quercus falcata Michx 
 

11 Oleaceae  Green Ash 
 

Fraxinus pennsylvanica var. 
lanceolata (Borkh.) 

12 Oleaceae  White Ash 
 

Fraxinus Americana L. 

13 Fagaceae American Beech 
 

Faguas grandifolia Ehrh 

14 Aquifolaceae Holly 
 

Ilex L. 

15 Betulaceae Yellow Birch 
 

Betula alleghaniensis Britton 

16 Betulaceae River Birch 
 

Betula nigra L. 

17 Betulaceae American 
Hornbeam 
 

Carpinus caroniliana Walt. 

18 Salicaceae Black Willow 
 

Salix nigra Marsh 

19 Magnoliaceae Magnolia 
 

Magnolia grandifloria L. 

20 Anacardiaceae Shining Sumacs 
 

Rhus copallina L. 

The list of hardwood trees at Schenck Forest (College of Natural Resources Management) 
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Appendix Table 2. Polyvinyl-Lacto-Glycerol (PVLG) 

Ingredient Quantity 

Distilled water 100ml 

Lactic acid 100ml 

Glycerol 10ml 

Polyvinyl alcohol (PVA) 16.6g 

(INVAM) 

Appendix Table 3. Melzer’s Reagent 

Ingredient Quantity 

Chloral hydrate 100g 

Distilled Water 100ml 

Iodine 1.5g 

Potassium iodide 5.0g 

(INVAM) 

Appendix Table 4. Alkaline H202 

Ingredient Quantity 

10% Hydrogen peroxide 30ml 

Ammonium hydroxide 3ml 

Tap water 567ml 

(of INVAM) 
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Appendix Table 5. Summary of Sampling Time for site 11 and 24, Schenck Forest 

 SEASONS 

 YEAR 2000 YEAR 2001 

Sample types Spring Summer Spring Summer 

C11 February 6 * * July 14 

PB11 February 6 * March 11 * 

 
February 22 

Site 11 burning 

 March 10 

Site 11 burning 
 

B11 February 26 

March 23 

July 14 March 13 August 14 

 February 27 

Site 24 burning 

 Site 24 

No burning 
 

C24 February 27 August 14 April 26 July 7 

PB24 February 20 * * N/a 

B24 February 26 August 14 March 11 July 7 

C=control; PB=pre=burn; B= burn, 11= annually burned site; 24= seven-year burned site; 
*=non-available
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Appendix Table 6. Relationship Between Soil Test Index and Crop Response 
Soil Test Index Crop response to nutrient application 

Ranges Rating P K Micronutrients  
(Mn, Zn, Cu) 

0-25 Low HR HR HR 

26-50 Medium LR LR NR 

51-100 High NR NR NR 

100+ Very High NR NR NR 

HR= Soil test range where crop response is high 
LR = Soil test range where crop response is low 
NR= Soil test range where no response is expected 
(Courtesy of North Carolina Department of Agriculture, Agronomic Division) 
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APPENDICES CHAPTER III 

 
TABLES 

 
 
Appendix Table 1. Relationship Between Soil Test Index and Crop Response 

Soil Test Index Crop response to nutrient application 

Ranges Rating P K Micronutrients  
(Mn, Zn, Cu) 

0-25 Low HR HR HR 

26-50 Medium LR LR NR 

51-100 High NR NR NR 

100+ Very High NR NR NR 

HR= Soil test range where crop response is high 
LR = Soil test range where crop response is low 
NR= Soil test range where no response is expected 
(Courtesy of North Carolina Department of Agriculture, Agronomic Division) 

 
 

 

 

 

 

 

 

 

 


